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Abstract 1 
ABSTRACT 
The continued interest and quest in designing new macrocyclic 
Iigands and complexes in view of their variety of applications was the main 
goal behind the compilation of this thesis. The whole thesis is written in four 
different chapters. 
First chapter gives a general introduction to macrocyclic complexes 
and the pioneering work done by eminent scientists. This also describes the 
general characteristic features of macrocyclic complexes. The synthesis 
and application of the macrocyclic moieties involving N, P, O and S atoms 
were a subject of considerable interest in the recent years. It is only during 
the past two decades that a large number of synthetic macrocyclic 
compounds capable of binding cations or anions have been prepared and 
investigated. The application of these macrocycles in various fields have 
received much attention in the recent past. These macrocycles can be 
synthesized by different methods in which template condensation is one of 
the most effective method. 
_ySecond chapter deals with the various instruments used in the 
characterization of the newly synthesized macrocyclic complexes viz. infra-
red spectroscopy, nuclear magnetic resonance spectroscopy, electron 
paramagnetic resonance spectroscopy, ultraviolet and visible spectroscopy 
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magnetic susceptibility measurements, molar conductance measurements 
and elemental analysis. A brief description involved in the theory of these 
instrumental methods is also given. The model of instruments and the place 
from where the spectra were recorded are also mentioned. 
Third chapter describes the synthesis and characterization of different 
novel polyazamacrocyclic complexes. 
The first part of this chapter deals with the preparation and 
characterization of 13-membered oxotetraazamacrocyclic complexes. 
Synthesis of dichloro/nitrato (2-oxo-4-methyl -1,5,8,11-tetraazacyclo-
trideca-4-ene)metal(Il), [MLX2] (M=Mnn, Co11, or Zn11; X=C1 or N03), and 
2-oxo-4methyl-1,5,8,ll-tetraazacyclotrideca-4-ene)metal (II) dichloride/ 
nitrate, [ML]X2 (M=Nin or Cu11; X=C1 or N03), was carried out by reacting 
triethylene tetraamine with ethylacetoacetate or methyl acetoacetate 
with metal ion in a 1:1:1 molar ratio. The complexes are in general 
insoluble in water and other common solvents except dimethylsulfoxide 
(DMSO) and dimethylformamide (DMF). The main features of the IR 
spectra were the appearance of four characteristic amide bands in 
the region 1680-1710, 1530-1570, 1250-1270 and 650-680 cm'1 and 
the imine v(C=N) band at 1620 cm1. The 'H NMR spectrum of Zn11 
complexes in DMSO-d6 exhibit resonance peaks at around 8.56, 
6.30,3.50,and 2.52 ppm which may be assigned to (NH-C=0), 
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(C-NH-C), (CH2-N-C) and (CH 3 -ON) protons, respectively. The 
EPR spectra of Cu11 complexes with g,, and g± values at 2.23 and 2.09 
confirm the square planar geometry. However, the magnetic 
susceptibility data and the band positions in the electronic spectra 
confirm the octahedral geometry for the rest of the complexes except 
the Ni11 complexes which have square planar geometry. 
J^) The second part of this chapter consists of the synthesis of 
dioxotetraazamacrocyclic complexes by incorporating peptide bonds. 
The dichloro/nitrato ( 6,7:14,15-dibenzo-8,13-dioxo-2,4-dimefhyl -1,5,9,12-
tetraazacyclopentadecane-l,4-diene) metal (II), [MLX2] (M=Mnn, Co11, 
Ni11, Cu" or Zn11; X=C1 or NO,) and dichloro/nitrato [6,7:15,16-dibenzo-
8,14-dioxo-2,4-dimethyl-l,5,9,13-tetraazacyclohexadecane-l,4-diene] 
metal(II), [MLX2] (M=Mnn, Co11, Ni11, Cu11 or Zn11; X=C1 or N03), complexes 
resulted from the template condensation reaction of o-aminobenzoic 
acid, diaminoethane/1,3 -diaminopropane and 2, 4-pentanedione with 
metal ion in a 2:1:1:1 molar ratio. The elemental analysis suggests 
1:1 metal to ligand stoichiometry and the molar conductance values 
indicate that the compounds are non-electrolytic in nature. The IR 
spectra of all the macrocyclic complexes show bands in the region 
expected for the amide group vibrations. The involvement of nitrogen-
metal bonding can be indicated by the appearance of sharp band at 
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ca. 3240 cm"1 expected for a co-ordinated amino group and also a 
strong medium intensity band at ca. 1610 cm'1, assignable to the 
coordinated imine; as well as the M-N stretching vibration at around 
400 cm 1 . The spectra of nitrato complexes gave bands at cji. 1230, 
1020 and 890 cm'1 indicating the nitrate group vibrations. The *H 
NMR and EPR spectra results further supports the formation of the said 
macrocyclic framework. The magnetic susceptibility and the 
electronic spectral studies confirm the octahedral geometry for these 
complexes. 
The third part of this chapter describes the synthesis and 
characterization of octaazatetraone macrocyclic complexes. The 
dichloro (5,10,15,20-tetramethyl -2,7,12,17-tetraone-3,4,8,9,13,14,18,19-
octaazacycloeicosane-4,9,14,19-tetraene)metal(II), [MLC12] (M=Mnn, Fe11, 
Co11, Ni11, Cu11 or Zn11) complexes were prepared by the reaction of 
hydrazine hydrate, methyl acetoacetate or ethyl acetoacetate with 
metal ion in a 4:4:1 molar ratio. All the complexes are crystalline in 
nature and stable at room temperature. The low molar conductance 
values in DMSO suggest their non-ionic nature. 
The charcteristic features of the IR spectra is the appearance 
of amide bands at around 1700, 1570, 1280 cm"1 and imine nitrogen 
band around 1610 cm"1 region, and the absence of NH2 and alkoxy 
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group bands which is in support of the proposed macrocyclic structure. 
The 'H NMR spectra also show absence of peaks corresponding to NH2 
protons of hydrazine as well as the absence of alkoxy protons of the 
acetato groups of methyl acetoacetate and ethyl acetoacetate which is 
in further support of the said macrocyclic framework. The EPR spectra 
of polycrystalline copper(II) macrocyclic complexes show a single 
signal for g,, and g± in the 2.25 and 2.09 regions in which g„ > g± 
suggesting that dx2_Y2 is the ground state and the G values which 
appeard in the range of 2.77 suggests that exchange interaction is 
present in these complexes. The magnetic susceptibility measurements 
and the electronic spectral results are consistent with the proposed 
octahedral geometry for all the macrocyclic complexes. 
The fourth part of this chapter describes the synthesis of 
tetraiminetetraamide macrocyclic complexes. The present study is 
concerned with the characterization of the newly synthesized complexes: 
Dichloro/nitrato(8,ll,19,22-tetraoxo-3,5,14,16-tetramethyl-l,2,6,7,12, 13, 
17,18-oetaazacyclobicosane-2,5,13,16-tetraene) metal(II) , [MLX2] 
(M=Mnn, Co11, Ni11 or Zn11; X=C1 or N03); (8,ll,19,22-Tetraoxo-3,5,14, 
16-tetramethyl-1,2,6,7,12,13,17,18-octaaza-cyclobicosane-2,5,13,16-
tetraene) copper(Il) dichloride/nitrate, [CuL] X2, (X=C1 or N0 3 ) ; Dichloro/ 
nilrato(9,10,20,2 l-dibenzo-8,11,19,22-tetraoxo-3,5,14,16-tetramethyl-
Abstract 6 
l,2,6,7,12,13,17,18-octaazacyclobicosane-2,5,13,16-tetraene) metal(II), 
[MLX2] (M=Mnn, Co11, Ni11 or Zn11; X=C1 or NO,) and (9,10,20,21 -Dibenzo-
8 , l l , 1 9 , 2 2 - t e t r a o x o - 3 , 5 , 1 4 , 1 6 - t e t r a m e t h y l - l , 2 , 6 , 7 , 1 2 , 1 3 , 1 7 , 1 8 -
octaazacyclobicosane-2,5,13,16-tetraene) copper(II) dichloride/nitrate 
[CuL] X2, (X=C1 or N03) . These were obtained by the template condensation 
reaction of hydrazine hydrate, dicarboxylic acids and acetyl acetone with 
metal ion in a 2:2:4:1 molar ratio. The molar conductivity studies indicate 
that copper (II) complexes are electrolytic in nature while other complexes 
are non-electrolytic. 
The IR spectral data gave bands characteristic of amide group in 
all complexes. The position of the v(C=N) stretching vibration in the 
1580-1610 cm-1 region and that of amide I band v ( O O ) in the 1670-1720 
cm"1 region is in support of coordination through amide nitrogen ruling out 
the possibility of coordination through amide oxygen. The absence of 
characteristic NH2 or OH bands give further evidence for the formation of 
the proposed macrocyclic framework.The 'H NMR spectra of all the 
zinc(II) complexes showed peak around 8.38 ppm which may be assigned to 
CO-NH protons of the amide group. It showed the phenyl ring peaks at 
7.15 ppm and the methylene proton peaks at 3.30 ppm. The absence of 
carboxylic protons (COOH) of carboxylic acid and NH2 protons of 
hydrazine moiety supports the proposed macrocyclic framework. 
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The EPR spectra of of none of the copper (II) complexes showed 
hyperfine splitting indicating that the paramagnetic centers were not 
diluted. The existence of g,, > g± suggests that for the d9 Cu2+ complex ion 
the ground state is dx2_v2 i.e. (eg) 4(a, )2 (b2 )2 (b, )2. The electronic spectra 
of the copper(II) complexes showed three bands attributed to the 
2B, - • 2B2 , 2B, -> 2A. and 2B, -> 2E transitions which is in supprot of 
a square planar geometry around the Cu11 ion. The electronic spectra of 
all other complexes indicate their octahedral geometry around the metal 
ion. The observed magnetic moment values for all metal complexes are in 
close agreement with their electronic spectral data. 
The fifth part of this chapter describes the syn-thesis and 
characterization of tetraoxotetraimine macrocyclic complexes. Synthesis of 
dichloro/nitrato(l,2-diphenylethane-l,2-dione dihydrazone) metal(II) 
complexes, [M(DPEDDH)2X2] (M=Mnn, Co11, Ni11, Cu11 or Zn11; X=C1 or 
N0 3 ; DPEDDH=l,2-diphenylethane-l,2-dione dihydrazone) was carried 
out by the reaction of 1,2-diphenylethane- 1,2-dione dihydrazone with metal 
ions in a 2:1 molar ratio. Synthesis of dichloro/nitrato (6,9,16,19-tetraone-
2,3, 12, 13-tetrapheny 1-1,4,5,10,11,14,15,20-octaazacycloeicosane-
1,3,11,13-tetraene) metal(II) [ML'XJ (M=Mnn, Co11, Ni11, Cu" or Zn11; X=C1 
or N0 3 ) and those of dichloro/nitrato (7,8:17,18-dibenzo-2,3,12,13-
tetraphenyI-6,9,16,19-tetraone-l,4,5,10,11,15,20-octaazacycloeicosane-
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1,3,11,13-tetraene)metal(II) [ML2X2] (M=Mnn, Co11, Ni11, Cu" orZn11; X=C1 
or N0 3 ) complexes was carried out by the reaction of [M(DPEDDH)2X2] 
with succinic or phthalic acid in a 1.2 molar ratio. The low molar conductance 
values for all the complexes indicate their non-electrolytic nature. 
The IR spectra of I,2-diphenylethane-l,2 dione dihydrazone 
(DPEDDH) and its complexes are some what complex. The IR spectra of 
all the [M(DPEDDH)2X2] complexes are similar but are different from 
the spectra of free ligand. The behaviour of characteristic NH2 and C-N 
stretching vibrations in the free ligand and in the metal complexes 
have been explained on the basis of a possible trans structure for 
DPEDDH which transforms into a cjs. configuration upon chelation in 
[M(DPEDDH)2X2] complexes. These complexes exhibit a strong intensity 
v(C=N) band at ca. 1600 cm1 . In the complexes the symmetry is lowered, 
which consequently enhances the v(C=N) band intensity. 
The significant feature of the IR spectra of the macrocyclic 
[ML]X2] and [ML2X2] complexes is the existence of four new bands at ca. 
1690, 1540, 1250 and 650 cm"1 attributable to the non-coordinated amide I, 
II, III and IV bands, respectively. The proposed macrocyclic skeleton is 
further supported by the absence of uncondensed functional groups (-OH 
and -NH2). The *H NMR spectra of the [ZnL]X2] and [ZnL2X2] complexes 
showed a band at ca. 8.43 ppm which is characteristic of amide protons. 
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Further, the disappearance of bands corresponding to either the -NH2 
protons of [Zn(DPEDDH)2X2] or the carboxylic acid protons support 
cyclization with the formation of amide bonds. The copper complexes show 
a broad band maximum at ca. 19000 cm"1 with a sholder on the low energy 
side at ca. 16000 cnr1 assignable to 2B, -• 2E and 2B, -> 2B2g transitions, 
respectively, which are attributable to a distorted octahedral geometry 
around the metal ion. The electronic spectral results for all other complexes 
suggest an octahedral geometry around the metal ion. The magnetic 
susceptibility measurements for all complexes are consistant with their 
respective electronic spectra. 
The fourth chapter gives the conclusion of the work done. 
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Chapter 1 General Introduction 1 
GENERAL INTRODUCTION 
The chemistry of macrocyclic ligands has been a fascinating area of 
current research interest to the chemists all over the world. The Coordination 
Chemistry is expanding rapidly which is mainly confined to macrocyclic 
systems with nitrogen and oxygen as donor atoms. Extensive work done by 
countless researches in this field with thousands of papers, many reviews 
and numerous patents, cannot be confined to few pages. The area of 
coordination chemistry of polyaza macrocycles has undergone spectacular 
growth after the early 1960s due to the pioneering independent contributions 
of Curtis1,2 and Busch3. 
Macrocyclic complexes in general have the following characteristics4. 
1. A marked kinetic inertness both to the formation of the complexes from 
the ligand and metal ion, and to the reverse, the extrusion of the metal 
ion from the ligand. 
2. They can stabilize high oxidation states5 that are not normally readily 
attainable. 
3. They have high thermodynamic stability and the formation constants 
for [N4] macrocycles may be in the orders of magnitude greater than the 
formation constants for non-macrocyclic [NJ lignads. Thus, for Ni2+ 
the formation constant for the macrocyclic cyclam is about five orders 
of magnitude greater6 than for the non-macrocyclic tetradentate ligand. 
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The additional enhancement in stability expected from gain in 
translational entropy cannot be attributed to the usual chelate effect that has 
been termed as the macrocyclic effect7. The differences in configurational 
entropy is because a greater loss in entropy would be expected in the 
complexation of the open-chain ligand than in the macrocyclic ligand. The 
macrocyclic effect has both enthalpic and entropic components as compared 
to the chelate effect, which is largely entropic in origin. Thus for the 
macrocycle the donor atoms are constrained near the required coordination 
sites and so the ligand is pre-strained to suggest additional stability 
compared with the non-macrocycle. The macrocyclic effect is best 
unders tood by considering the thermodynamic7 '8 of the metal-
complexation reactions. 
The first macrocyclic compound prepared from a diacid was dimeric 
ethylene succinate [1] reported9 by Vorlander in 1894. Subsequently, very 
V^° 
m 
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little work was done with macrocylic diesters until the 1930's when 
Carothers and his co-workers commenced a study of polyesters including 
the macroyclic monomeric and dimeric carbonates, oxalates, etc.10-". The 
main interest in macrocyclic diester compounds involved their use in the 
preparation of perfumes12. First documented macrocycle possessing a (Pynole) 
[2] subheterocyclic ring was synthesized in 1886 by Baeyer13 via the 
condensation of pyrrole and acetone in the presence of mineral acid. 
H3C \1 
H,C 
O 
NH 
12] 
V CH3 
ox 
The synthesis and application of the macrocyclic moieties involving 
N, P, O and S atoms could be a subject of considerable interest in the recent 
years. Although metal complexes of naturally occurring macrocyclic ligands 
have been known for over 70 years, e.g. porphyrin and corrin ring derivatives 
and phthalocyanine, it is only during the past two decades that a large 
4 
number of synthetic macrocyclic compounds capable of binding cations or 
anions have been prepared and investigated. Many of these synthetic 
macrocyclic polyethers, polyamines, poly thioethers and other related 
molecules have been shown to possess very interesting and unusual binding 
properties14. A large variety of cyclic polyamines having three to six 
functional groups in the ring have been synthesized. However, the majority 
have four functional groups which are more or less evenly spaced in a ring 
containing between 12 and 16 atoms. 
The continued interest and quest in designing new macrocyclic ligands 
and complexes stem mainly from their use as models for protein - metal 
binding sites in biological systems15, as models for metalloenzymes16'17, as 
synthetic ionophores18, as sequestering reagents for specific metal ions19,20, 
as chemical sensors21, as therapeutic reagents22 in chelate therapy for the 
treatment of metal intoxication, as cyclic antibiotics that owe their antibiotic 
actions to specific metal complexation, to study the guest-host interactions 
in catalysis23"26, in biomedical27, in oxygen carrier and fuel cell applications28, 
pigments, vitamin B ] 2 and its analogs and sodium and potassium ion transport 
and balance. Recognition of the importance of complexes containing 
macrocyclic ligands has led to considerable effort being invested in developing 
reliable and inexpensive synthetic routes for these compounds29"32. Several 
classes of macrocyclic ligands have been synthesized which contain varying 
combinations of aza(N), oxa(O), phospha(P) and sulfa(S) ligating atoms 
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which can be tailored to accomodate specific metal ions by the fine tuning 
of the ligand design features, such as the macrocyclic hole size, nature of 
the ligand donors, donor set, donor array, ligand conjugation, ligand 
substitution, number and sizes of the chelate rings, ligand flexibility and 
nature of the ligand backbone . 
The majority of macrocycles represent creative and focused efforts 
to design molecules which will have particular uses. The different types of 
macrocyclic ligands are particularly exciting because of the importance in 
generating new areas of fundamental chemistry and many opportunities of 
applied chemistry. The survey of literature reveals that the chemistry of 
macrocycles containing nitrogen and oxygen atoms have been studied 
widely mainly with multidentate macrocycles. Multidentate macrocyclic 
ligands are cyclic molecules consisting of an organic framework made up of 
heteroatoms which are capable of interacting with a variety of metal species. 
It is now well established that macrocyclic molecules containing the biting 
centers as [NJ, [N6], [Ng], [N402], [N4S2] and [N2S2] display unique and 
exciting chemistry in that they can stabilise unusual higher oxidation states 
of metal ions. 
Naturally occuring macrocyclic complexes of the porphyrin or corrin 
ring systems and the industrially important metal-phthalocyanine complexes 
have been studied for many years33. Synthetic ring complexes mimic some 
aspects of these naturally occuring complicated macrocyclic ring systems34 
and at present the study of such compounds is receiving much attention. 
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During recent years various physico-chemical methods specially 
electro-analytical techniques have been utilized in investigating the 
electropolymerization of ligand under suitable conditions. There are a few 
macrocyclic complexes which adopt a wide range of conformers of similar 
energies35. 
Knowledge of substrate binding preferences and stereochemistry can 
be effectively utilized in the synthesis of novel receptor ligands by 
considering the geometry control into the receptor design. Interaction of the 
macrocyclic ligands and substrate can be fine tuned by appropriate selection 
of the binding sites, environment and over all ligand topology. 
It is often difficult to predict with confidence the relative binding 
preference of many polydentate ligands, particularly multidonor lignad 
systems, towards particular metal ions because of the number of variables, 
such as the nature of the donor atoms, the number and size of the chelate 
rings formed, the flexibility of the system, the relative position of the donor 
atom and the nature of the ligand backbone. For macrocyclic systems, the 
macrocyclic ring size is another parameter. Thus, the cyclic ligands have 
additional stereochemical constraints which may influence metal ion binding 
and hence thermodynamic discrimination. 
A brief account of the various design and synthetic strategies 
developed by investigators in various laboratories to synthesise different 
macrocyclic complexes is indeed to develop new design and synthetic 
strategies for versatile ligand systems with requisite ligand design features. 
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The design of ligands capable of forming stable complexes would not only 
allow further study of the coordination properties of different metal ions but 
would also enable chemists to exploit more fully certain important emerging 
properties of these complexes. 
The macrocycles can be synthesized either "free" or bound to a given 
metal ion. The preparation of the free macrocycle has certain advantages in 
many cases. Firstly, purification of the organic product may be more readily 
accomplished than purification of its complexes, and secondly, the 
characterization by physical techniques will be more easy. 
Macrocycles can be synthesised via two different routes namely 
template and non template. The macrocyclic complexes of metal ions are 
synthesized by the reactions of the required metal ion with the pre-formed 
macrocyclic ligands, but there are potential disadvantage in this method. 
The synthesis of a macrocycle in the free form often results in a low yield 
of the desired product with side reactions, such as polymerization as 
predominating effect. In order to circumvent this problem, the ring closure 
step in the synthesis may be carried out under conditions of high dilution36'37 
or a rigid group may be introduced to restrict rotation in the open-chain 
precursors38"40 there by facilitating cyclization. 
Important nontemplate synthesis have been developed for a number of 
important macrocyclic ligands41'44. A wide variety of amines both "free" 
and coordinated, are known to react with aldehydes to form more complicated 
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amine ligands. The product of these reactions can be of many different types 
although the innumerable Schiff base ligands represent the largest class of 
these ligands. One effective method for the synthesis of macrocyclic complxes 
involves an in-situ approach wherein the presence of metal ion in the 
cyclization reaction markedly increase the yield of the cyclic product. 
The preparations of macrocyclic complexes fall, generally, into three 
main categories, first synthesis involving complexation reactions, second in 
situ or template effect synthesis and third, synthesis involving modification 
of the macrocyclic ligand and the metal ion. The metal ion plays an important 
role in directing the steric course of the reaction and this effect is termed 
"metal template effect"45. Coordination template effect provides a general 
strategy for the synthesis of wide variety of discrete metal complexes. The 
exciting aspect of this chemistry is that in the majority of cases the 
molecules meet the design criteria very well. The metal ion may direct 
the condensation preferentially to cyclic rather than polymeric products 
(The kinetic template effect) or stablize the macrocycle once formed (The 
thermodynamic template effect). 
A great variety of aza macrocyclic complexes have been formed by 
condensation reactions in the presence of metal ion. The majority of such 
reaction have imine formation as the ring closing step. One of the most 
interesting aspects of Polyaza macrocyclic complexes is that the ligand can 
be modified. Some transition metal (II) complexes of Polyaza macrocyclic 
ligands containing co-ordinated secondary amino groups are chemically 
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oxidized to metal(II) complexes containing46"49 a higher degree of 
unsaturation in the ligand. 
The chemistry of metal complexes with cyclam or related tetraaza 
macrocycylic ligands has been extensively developed30. The chemistry of 
these ligands has proven to be a topic of continual and growing interest to 
co-ordination chemists. Curtis has demonstrated the template potential of 
metal ions in the formation of the isomeric tetraazamacrocyclic complexes 
[3] and [4] by the reaction of [Ni(en)3](C104)2 with acetone50 as shown in 
Scheme 1. 
> = • • 
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Scheme 1 
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The first example of a deliberate synthesis of a macrocycle using 
this procedure was described by Thompson and coworkers3 to synthesize (5) 
as shown in Scheme 2. 
r\ 
H2NN S 
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Ni 
Br oc: 
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Scheme 2 
Soriano and his co-workers recently reported51 the synthesis of a 
series of new macrocyclic ligands characterized by the presence of a single 
aromatic spacer interrupting a polyamine chain. In a majority of synthesis, 
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macrocyclic ligand complexes have been obtained by the condensation of 
di or polyamines with aldehydes or ketones. The use of metal as template in 
such reactions has led to the synthesis of large number of Co2+, Ni2+ and Cu2+ 
complexes of macrocyclic ligands52"55. 
The diimine Schiff base macrocycles obtained by the condensation of 
one molecule each of the dicarbonyl and diamine precursors have been 
termed "1+1" macrocycles and the tetraimine macrocycles obtained by the 
condensation of two molecules of the dicarbonyl compounds with the two 
molecules of the diamine moiety have been termed "2+2" macrocycles as a 
consequence of the numbers of head and lateral units present56"58. Since 
then a large numbers of synthetic polyazamacrocyclic ligands have been 
reported29"32. Synthesis of multidentate macrocyclic ligands by the metal 
template method has been recognized as offering high-yielding and selective 
routes to new ligands and their complexes29,32'45,59"64. Fernando and his 
co-workers reported65,66 that condensation reactions between ethylene-
diaminetetraacetic(EDTA) dianhydride and aliphatic diamines give a new 
series of tetraazamacrocycles, dioxotetraazacycloalkanediacetic acids, that 
have amide groups in the ring frame work and pendant carboxymethyl 
groups. Much of the work featured the use of transition metal ions in the 
template synthesis of quadridentate macrocycles. This technique has been 
extended in the last decade by using organotransition metal derivatives to 
generate tridentate cyclononance complexes67,68. The directional influence 
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of orthogonal d-orbital was regarded as instrumental in guiding the synthetic 
pathway59. 
Lehn and co-workers69,70 showed that the fully protonated species of 
(24)ane N6 {hexaazacyclotetracosane} and (32)ane N8 {octaazacyclo-
dotriacontane} form stable complexes with various inorganic, organic and 
metal complex anions. The synthesis of macrocyclic complexes by the 
metal template method was extended by the use of s-and p-block cations as 
template devices to synthesize penta and hexadentate Schiff base 
macrocycles71"78 and a range of tetraimine Schiff base macrocycles56'57 by 
the Sheffield73,75"78 and Belfast75'77'79 research groups. It is evident that 
the template potential of a metal ion in the formation of a macrocycle 
depends on the preference of the cations for stereochemistries80"89 in which 
the bonding d-orbitals are in orthogonal arrangements. The metal ion and 
the anion are important to the template process because the balance 
betweem the size of the cation and anion will determine the degree 
of dissociation of the metal salt in the reaction medium.90 
The corordination chemistry of transition metal complexes of these 
ligands has been well studied and explored.91 The template synthesis often 
does not afforded the desirable "2+2" symmetric macrocyclic complexes 
and hence the use of the pre-formed macrocyclic ligand causes problems 
owing to their lowsolubility in alcohols. The best route is not to isolate 
these ligands but to prepare the desired one in situ by a step by step 
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reaction of the appropriate organic precursors and to treat with the 
appropriate metal salts. This allows a better control of the reaction to get 
the desired product. One of the best examples which has been synthesized 
by metal ion template method is a self condensation reaction of 
o-aminobenzaldihyde.92"94 
In the synthetic pathway of macrocycles the size of cation used as 
the template has proved to be of much importance. The compatibility 
between the radius of the templating cation and the "hole" of the 
macrocycles contributes to the effectiveness of the synthetic pathway 
and to the geometry of the resulting complex. For example, cations of radii 
less than ~ 0.80 A0 do not seem to generate complexes of [6]. Fenton and 
M 
his co-workers71-73 '77 '95 demonstrated cation-cavity "best fit" in the 
formation of Schiff base macrocycles by synthesizing oxaazamacrocycles 
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using alkaline earth cations as templating devices. The smaller metal ion 
favours the formation of "1 + 1" [7] while the large metal ion favours the 
formation of "2+2" macrocycle[8] as shown in Scheme 3. Of the alkaline 
earth cations, for example, only magnesium generates the penta dentate 
"1 + 1" macrocycle [7] but it is ineffective in generating the hexadentate 
"1 + 1" macrocycle [9] which is readily synthesized in the presence of large 
cations such as Ca2+, Sr2+, Ba2+ and Pb2+. The preference for the formation 
of" 1 +1" or "2+2" Schiff base macrocycle in the metal template condensation 
depends on the cations radius. 
During the course of the Schiff base condensation of the appropriate 
diamine and dicarbonyl precursors in the presence of an alkaline earth metal 
ion, template macrocyclic complexes resulting from the condensation of one 
molecule of the dicarbonyl and two molecules of the diamine precusors are 
commonly isolated in good yield57. Some reactions demonstrate the facility 
and reversibility of amine exchange (transamination) and its importance in 
the metal ion template synthesis of macrocyclic Schiff base ligands. Thus 
it has been observed that excess of free diamine or free metal ion suppress 
the formation of macrocycle. The sequence of reactions involving ring 
closure by transamination with a concomitant ring contraction and reduction 
in ligand denticity and subsequent ring expansion in the presence of larger 
metal ions is illustrated in Scheme 4. Thus it has been observed96 that when 
the metal ion is too small for the macrocyclic cavity, ring contraction takes 
<£BI* 
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place by transimination with a concomitant reduction in ligand denticity and 
ring size. The complex of the ring contracted macrocycle undergoes ring 
expansion in the presence of larger metal ions. 
The number, kind and arrangement of donor atoms also play an 
important role in macrocyclic selectivities : oxygen donors in classical 
crown ethers have largest affinities for alkali, alkaline earth and lanthanide 
cations, while nitrogen donor atoms favour transition metal cations. 
Fenton and his co-workers97"99 have investigated the design and 
synthesis of oxaazamacrocyclic ligands with varying ring sizes and 
flexibilities including both weak and strong donor atoms in varied donor sets 
and sequences in order to define the principles underlying transition metal 
selectivity by macrocyclic ligands. Such discrimination is found to be 
stereochemical!}' based. This behaviour trend is well documented through 
the work of Tasker and his co-workers100"103 of which [10J is a typical 
example. 
r\ 
o-<yb 
|10] 
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Lindoy and co-workers'04 have developed systems which are able to 
recognize particular transition and post-transition metal ions. They have 
prepared105"108 and studied the discrimination of metal ions by ligand and by 
following the occurance of "Structural dislocation" along a series of 
closely related mixed donor lieand systems109"115 [111 and [12]. 
/ A •' C O 
r = N N = v A-^-NH HN' 
R1«R2r(CH2)2,(CH2)3 * « M H , 0 , S 
[HI |12] 
Macrocycles containing nitrogen donor atoms have been used as 
models to explain metal ion-macrocyclic reactions in biological systems. 
Margerum and his co-workers7116"118 have reported extensive investigation 
on the interaction of Cu2~ and Ni2+ with macrocycles containing nitrogen 
donor atoms. There are numerous examples of macrocyclic metal complexes 
in which the macrocyclic ligand contains an N4 donor set119"122. The 
chemistry of synthetic polyamines and macrocyclic dioxopolyamines has 
been drawing much interest19-20-29123. These macrocycles form much more 
stable and selective complexes with various transition-metal ions 
than do open chain analogues having the same donor arrangement. The 
metal complexes of the 14-membered cyclic tetramine 1,4,8,11-
tetraazacyclotetradecane(13J represent reference systems124 in the 
coordination chemistry of azamacrocycles. Recent synthesis125-126 of [14], 
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[15] and [16] led to the study of their complexes. Studies on their complexes 
proved that all the above [14], [15] and [16] form stable complexes with 
transition-metal ions127128 and the Cu2+ complex of the 14-membered[15] is 
the most stable among the three complexes20. In addition, the 12-membered 
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dioxomacrocyclic complexes |17] have been reported129 which were found 
to be less stable128 than that of the corresponding complexes with the larger 
macrocycles [14], [15] and [16]. 
117] 
The structure and properties of macrocyclic dioxotetraamines are 
similar to those of tripeptides. They are capable of coordinating to divalent 
3d cations with simultaneous deprotonation of two amino groups120. Transition 
metal(II) complexes of macrocyclic dioxotetraamines have shown some 
interesting properties and can be considered as models for metalloproteins 
and oxygen carriers130131. Such compounds can serve as models for enzymes 
such as galactose oxidase132 and may be empolyed as effective oxidants and 
redox catalysts133. 
The pyridyl-containing 14-membered macrocyclic ligand [18] forms 
with Cu2+ the complex [CuL]2 \ which is reported128134 to be yellow in the 
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solid form and redish violet in methanol solution whereas the 14-membered 
macrocyclic tetrapeptide|19) reacts with Cu2+ to form a quadruply 
deprotonated peptide complex with alternating 15-and 16-membered 
rings135. The macrocyclic peptide lignads are known to coordinate to group 
1 and 2 metal via peptide oxygens136-137, but the macrocyclic peptide 
complexes|19] were found to be the first report of coordination to a 
transition metal via peptide nitrogen135. 
118] 
NH HN 0 
AJ 
[19] 
Majority of all nitrogen-donor macrocycles that have been studied 
are quadridentate e.g. ligands|13J and |20]. To fully encircle a first-row 
transition metal ion a macrocyclic-ring size of between 13 and 16-members 
are required provided that the nitrogen donors are spaced such that five, six 
or seven-membered chelate ring are produced on co-ordination45138139. 
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Macrocyclic oxotetraamines bear dual structural features of 
macrocyclic tetiaamines and oligopeptides and can stabilize higher 
oxidation states of some of the transition metal ions140"146. The above 
properties have been applied to superoxide dismutase like catalysts and 
some of these compounds have been used as metal-ion carriers. Very 
recentaly, Shakir and his co-workers43'147"152 have developed a strategy for 
the synthesis of amide complexes. They have reported a wide variety of 
tetraaza, hexaaza and octaaza macrocyclic complexes bearing amide group 
[21], [22], [23], [24] & [25]. Most of them were prepared via the template 
condensation reaction of (2+2) dicarboxyclic acid with di or tri amines and 
self condensation of o-aminobenzoic acid. A series of reinforced macrocycles 
[26] has recently been reported153. The first example of this type was 
synthesized by Wainwright and Ramasubbu154155 which showed much greater 
rigidity than do their non-reinforced analogues. 
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Many metal complexes of porphyrins156, phthalocyanines157 and other 
macrocycles158 have been adsorbed onto graphite electrodes to yield 
electrochemically active assemblies and many were found to be useful for 
fuel cell applications with varying degrees of success for a few metal-
containing macrocycles28. The importance of phthalocyanines in many 
fields including chemical sensors, batteries, photodynamic therapy, semi 
conductive materials and liquid crystals is increasing rapidily as a result of 
newly synthesized compounds21159. 
A variety of macrocyclic complexes which have adjacent nitrogen 
atoms (cyclic hydrazines, hydrazones or diazines) are formed by 
condensations of hydrazine with carbonyl compounds. The reactions are 
parallel in diversity with those of amines, but are often more facile since the 
reacting NH2 groups is generally not coordinated and the electrophile is thus 
not in competition with the metal ion. The resulting macrocycles may be 
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capable of coordination isomerism, since either of the adjacent nitrogen 
atoms can act as donor atom. 
Several macrocyclic ligands derived from hydrazine precursors 
have been reported ,6(M69 and most of the studies involved in great deal 
with mononuclear complexes. However, less work has been reported for 
higher membered polyazamacrocyclic complexes. Goedken and Peng164 
have reported the synthesis of the 14-membered octaazamacrocyclic 
complexes by the template condensation reaction of butane-2, 3-dione 
dihydrazone with formaldehyde. Scheme 5. 
NH 2 
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There is considerable current interest in the preparation of transition 
metal macrocyclic complexes having a variety of functional groups on the 
periphery of the macrocyclic ring170 Hay and co-workers have studied 
tetraaza system having pendant primary amine function able to coordinate 
to the metal centre171. Kanda and co-workers discussed the preparation 
and properties of the tetradentate Schiff base ligand having pendant 
thioether functions172. Stephanson and co-workers173 produced a fifteen 
membered macrocycle bearing a hydroxyl group and investigated its 
reactivity, Recently Busch and his co-workers174 studied a macrocycle 
with a pendant pyridyl function which is sterically restricted in its 
binding to metal centres. 
It would not be and exaggeration to state that macrocyclic 
complexes lie at the center of life particularly when regarding the roles 
of such systems as the iron porphyrin core in haemoglobin, the cobalt 
corrin of vitamin B ] 2 and magnesium hydroporhpyrin in chlorophll. It 
is therefore, apparent that the chemistry of macrocycles is a rich and 
diverse field of study and still forms the basis of more extensive 
exploration. 
a r t auier 2 
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INSTRUMENTAL METHODS AND THEORY 
There are several physico-chemical methods available for the study 
of coordination compounds. A brief description of the techniques used in 
the investigation of the newly synthesized complexes described in the 
present work are given below: 
1. Infrared Spectroscopy 
2. Nuclear Magnetic Resonance Spectroscopy 
3. Electron Paramagnetic Resonance Spectroscopy 
4. Ultraviolet and Visible (Ligand Field) Spectroscopy 
5. Magnetic Susceptibility Measurements 
6. Molar Conductance Measurements 
7. Elemental Analysis 
2.1 INFRARED SPECTROSCOPY 
Infrared absorption spectra are commonly obtained by placing the 
sample in one beam of a double beam infrared spectrophotometer and 
measuring the relative intensity of transmitted light. When the infrared 
light of the same frequency incident on the molecule the energy is absorbed 
and the amplitude of that vibration is measured. When the molecule 
reverse from the excited state to the original ground state, the absorbed 
energy is released as heat. The occurrence or non-occurrence of an 
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infrared radiation is governed by the following selection rules. 
i) In order for a molecule to absorb infrared radiation as vibrational 
excitation energy, there must be a change in the dipole moment of the 
molecule as it vibrates. 
ii) In absorption of the radiation, only transition for which change in 
the vibrational energy level is AV = 1 can occur, since most of 
the transition will occur from state V0 to Vj the frequency 
corresponding to its energy is called the fundamental frequency. 
The group frequency which are frequencies of certain groups 
are characteristic of the group irrespective of the nature of the molecule 
in which these groups are attached. The absence of any band in the 
approximate region indicates the absence of that particular group in the 
molecule. 
The infrared radiation is usually said to have wavelength lying 
between 0.8 m to 1000 m. The wave number, i.e. the number of waves 
per centimeter is used to characterize the radiation. 
Important group frequencies in the IR spectra 
pertinent to the discussion of the newly synthesized compounds 
N-H Stretching Frequency 
The N-H stretching vibration occur in the region 3300-3500 cm"1 in 
dilute solution175. The N-H stretching band shifts to lower value in the solid 
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state due to extensive hydrogen bonding. Primary amines in dilute solutions, 
in non-polar solvents give two absorption bands in the above mentioned 
region, the first of which due to symmetric stretch is usually found near 
3400 cm"1 and second which corresponds to asymmetrical modes is found 
near 3500 cm'1. These bands are usually 125-150 cm"1 apart. Secondary 
amines show only a single N-H stretching in dilute solutions. The intensity 
and frequency of N-H stretching vibrations of secondary amines are 
very sensitive to structural changes. The band is found in the range 3310-
3350 cm"1 (low intensity) in aliphatic, secondary amines and near 3490 cm"1 
(much higher intensity) in heterocyclic secondary amines such as pyrazole 
and imidazole. 
Methyl Group Frequency 
Absorption arising from C-H stretching in the alkanes occurs in 
the general region of 2840-3000 cm"1. The position of C-H stretching 
vibration are among the most stable in the spectrum. An examination of a 
large number of saturated hydrocarbons containing methyl groups showed175 
in all cases, two distinct bands occurring at 2960 cm"1 and 2870 cm"1. The 
first of these results from asymmetric stretching mode in which two 
C-H bonds of the methyl group are extending while the third one is 
contracting (vasy. CH3). The second arises from symmetric stretching 
(vsy CH3) in which all three of the C-H bonds extend and contract in 
phase. The presence of several methyl groups in a molecule results in a 
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strong absorption bands at these positions. 
C-N Stretching Frequency 
The C-N stretching absorption gives rise to strong bands in the 
region 1250-1350 cm"1 in all the amines175,176. In primary aromatic amines 
there is one band in the region 1250-1340 cm"1 but in secondary amines 
two bands have been found in the region 1280-1350 cm"1 and 1230-1280 
cm"1. 
C=N Stretching Frequency 
Schiff s bases (RCH=NR, imines), oximes, thiazoles, iminocarbonates 
etc. show the C=N stretching frequency in the 1471-1689 cm"1 region175,176. 
Although the intensity of the C=N stretch is variable, it is usually more intense 
than the C=C stretch. 
O-H Stretching Frequency 
The O-H stretching frequency is observed176,177 nearly in the same 
range as N-H frequencies (3400-3700 cm"1). However, the observed 
absorption for N-H is normally narrower than for O-H. This is a useful means 
of distinguishing N-H and O-H stretching modes. 
Amide Bands 
All amides show a carbonyl absorption band known as the amide I 
band175,177. Its position depends on the degree of hydrogen bonding and thus 
Chapter 2 Instrumental Methods and Theory 31 
on the physical state of the compound. The C=0 absorption (amide I band) 
of amides occurs at longer wave length than normal carbonyl absorption 
due to the resonance effect. Primary amides have a strong amide I band 
in the region of 1650 cm"1 when examined in the solid phase. When the 
amide is examined in dilute solution the absorption is observed at a 
higher frequency, near 1690 cm"1. Simple open chain secondary amides 
absorb near at 1640 cm"1 when examined in solid state. 
All primary amides show a sharp absorption band in dilute solution 
(amide II band) resulting from NH2 bending at a somewhat lower frequency 
than the C=0 bond. Secondary acyclic amides in the solid state display 
an amide II band in the region of 1500-1570 cm"1. A weaker band near 
1250 cm"1 results from interaction between the N-H bending and C-N 
stretching (amide III band). A broad medium band in the 640-800 cm"1 region 
in the spectra of primary and secondary amides results from out of plane 
N-H wagging. 
M-N Stretching Frequency 
The M-N stretching frequency is of particular interest since it 
provides direct information regarding the metal-nitrogen coordinate bond. 
Different amine complexes exhibited176 the metal-nitrogen frequencies in 
the region 300-450 cm"1. 
M-O Stretching Frequency 
Metal-oxygen stretching frequency has been reported to appear in 
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different region for different metal complexes. The v(M-O) band is usually 
broad and strong while the v(M-N) is usually sharp and strong as a larger 
dipole moment change is involved in the vibration of the M-O bond in 
comparison with that in the M-N bond and v(M-O) is expected178,179 to 
occur at higher energy than v(M-N). 
M-X Stretching Frequency 
Metal-halogen stretching vibrations are generally176 observed in the 
low frequency infrared region (200-400 cm"1). In the complex Cu2X4 
(pyridine-l-oxidase)2, a single band at 315 cm"1 with shoulder at 325 
cm"1 must be due to the terminal Cu-Cl frequency. 
IR spectra (4000-200 cm'1 ) were recorded as kBr discs on a Perkin 
Elmer - 1320 spectrometer. 
2.2 NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
The nuclei of certain isotopes possess a mechanical spin or angular 
momentum. The NMR spectroscopy is concerned with nuclei having spin 
quantum number I =1/2, examples of which include ]H, 31p, 19F etc. 
For a nucleus with I = 1/2 there are two values for the nuclear spin 
angular momentum quantum number m = ±1/2 which are degenerate in 
the absence of a magnetic field, in presence of magnetic field, however, 
this degeneracy is destroyed such that the positive value of m corresponds 
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to the lower energy state and negative value to higher energy state 
separated by an energy gap AE. 
In an NMR experiment, one applies strong homogenous magnetic 
field causing the nuclei to precess. Radiation of energy comparable to AE 
is then imposed with radio frequency transmitter is equal to precision 
or Larmor frequency and the two are said to be in resonance. The energy can 
be transferred to and from the source and the sample and NMR signal is 
obtained when a nucleus is excited from low energy to high energy state. 
iH-NMR Spectra were recorded in DMSO-d6 using a JEOL PMX 60 
NMR Spectrometer with Me4Si as an internal standard from Indian Institute 
of Technology Kanpur, India. 
2.3 ELECTRON PARAMAGNETIC RESONANCE 
SPECTROSCOPY 
In 1936, Gorter demonstrated180,181 that a paramagnetic salt when 
placed in a high frequency alternating magnetic field, absorbs energy 
which is influenced by the application of a static magnetic field either 
parallel or perpendicular to the alternating magnetic field. Since then this 
phenomenon has become a technique of immense importance in science. 
It is well known that a paramagnetic ion has a magnetic moment and 
therefore its ground state is degenerate. If this ion is placed in a strong 
static magnetic field the degeneracy is lifted and the energy levels undergo 
a Zeeman splitting. Application of an oscillating magnetic field of 
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appropriate frequency will induced transitions between the Zeeman levels 
and energy is absorbed from the electromagnetic field. If the static 
magnetic field is slowly varied, the absorption shows a series of maxima. 
The plot between the absorbed energy and the magnetic field is called 
the electron paramagnetic resonance spectrum. 
A system of charges exhibits paramagnetism whenever it has a 
resultant angular momentum. Such paramagnetic system includes elements 
containing 3d, 4d, 4f, 5d, 5f, 6d, etc. electrons, atoms having an odd number 
of electrons like hydrogen, molecules containing odd number of electrons 
such as N02 , NO etc. and free radicals which posses an unpaired electron 
like CH3, DPPH etc. are among the suitable candidates for EPR investigation. 
Splitting of energy levels in EPR occurs under the effect of two 
types of fields, namely the internal crystalline field and applied magnetic 
field. While studying a paramagnetic ion in a diamagnetic crystal lattice, 
two types of interactions are observed, i.e. interactions between the 
paramagnetic ions called dipolar interaction and interactions between 
the paramagnetic ion and the diamagnetic neighbours called crystal 
field interaction. For small doping amount of paramagnetic ion in the 
diamagnetic host, the dipolar interaction will be negligibly small. The 
latter interaction of paramagnetic ion with diamagnetic ligands modify the 
magnetic properties of the paramagnetic ions. According to crystal field 
theory, the ligands influence the magnetic ion through the electric field 
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with they produce at its site and their orbital motion get modified. The 
crystal field interaction is affected by the electrostatic screening by the 
outer electronic shells. 
The dipole-dipole interaction arises from the influence of magnetic 
field of one paramagnetic ion on the dipole moments of the 
neighbouring, similar ions. The local field at any given site will depend 
on the arrangements of the neighbours and the direction of their dipole 
moments. Thus the resultant magnetic field on the paramagnetic ion will 
be the vector sum of the external field and the local field. This resultant 
field varies from site to site giving a random displacement of the 
resonance frequency of each ions and thus broadening the line widths. 
Hyperfine interactions are mainly magnetic dipole interactions 
between the electronic magnetic moment and the nuclear magnetic 
moment of the paramagnetic ion. The quartet structure in the EPR of 
divalent copper ion and octect in the EPR of vanadyl ion are the results of 
the hyperfine interactions. The origin of this can be understood simply 
by assuming that the nuclear moment produces a magnetic field BN at 
the magnetic electrons and the modified resonance condition will be 
AE=hv=gP ^B+Bj^ V2 where BN takes up 21+1, where I is the nuclear spin. 
There may be an additional hyperfine structure also due to the 
interaction between magnetic electrons and the surrounding nuclei called 
superhyperfine structure. The effect was first observed by Owens and 
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Stevens in ammonium chloroiridate182 and subsequently for a number of 
transition metal ions in various hosts183,184. 
The EPR Spectra of complexes were recorded on a JEOL JES RE2X 
EPR Spectrometer from the department of physics, Aligarh Muslim University 
Aligarh, India. 
2.4 ULTRA-VIOLET AND VISIBLE 
(LIGAND FIELDS) SPECTROSCOPY 
Most of the compounds absorb light somewhere in the spectral 
region between 200 and 1000 nm. These transitions correspond to the 
excitation of electrons of the molecules from ground state to higher 
electronic states. In a transition metal all the five d orbitals viz. d . d . d . 
d22 and dx2 2 are degenerate. However, in coordination compounds due to the 
presence of ligands this degeneracy is lifted and d orbitals split into 
two groups called t2 (dxy, dyz and dxz) and eg (dz* and d 2 2) in an octahedral 
complex and t and e in a tetrahedral complex. The set of t2 orbitals goes 
below and the set of e orbitals goes above the original level of the 
degenerate orbitals in an octahedral complex. In case of the tetrahedral 
complexes the position of the two sets of orbitals is reversed, the e going 
below and t going above the original degenerate level. When a molecule 
absorbs radiation its energy equal in magnitude to hn and expressed by 
the relation 
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E = hv 
or E = he / X 
Where h is planck's constant, v and X, are the frequency and wavelength 
of the radiation, respectively and c is the velocity of light. 
In order to interpret the spectra of transition metal complexes, the 
device of energy level diagram based upon 'Russell Saunder Scheme' must be 
introduced. This has the effect of splitting the highly degenerate 
configurations into groups of levels having lower degeneracies known as 
'Term Symbols'. 
The orbital angular momentum of electrons in a filled shell 
vectorically add upto zero. The total orbital angular momentum of an 
incomplete d shell electron is obtained by adding L value of the individual 
electrons, which are treated as a vector with the component ml in the 
direction of the applied field. Thus 
L = £ m l . = 0 1 2 3 4 5 6 
i 
S P D F G H I 
The total spin angular momentum S = Z s . where S. is the value of 
spin angular momentum of the individual electrons. S has a degeneracy x 
equal to 2S+1, which is also known as 'Spin Multiplicity'. Thus a term is 
finally denoted as ' T L \ For example, if S = 1 and L = 1, the term will be 3P 
and similarly if S = 1 V2 and L = 3, the term will be 4 F. 
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In general the terms arising from a dn configuration area is as follows. 
d1 d9 : 2 D 
3
 F, 3P, ' G, ' D, ' S 
4F, 4P, 2 H, 2G, 2F, 2D(2), 2 P 
5
 D, 3 H, 3 G, 3 F(2), 3 D, 2P(2), > I, ] G(2), l F, ' D(2), ' S(2) 
4 S , 4 G, 4 F , 4 D, 4P, 2 1, 2 H, 2G(2), 2F(2), 2D(3), 2P, 2 S . 
d2d8 
d3d7 
d4d6 
d5 
Coupling of L and S also occurs, because both L and S if non-zero, 
generate magnetic fields and thus tend to orient their moments with 
respect to each other in the direction where their interaction energy is 
least. This coupling is known as 'LS Coupling' and gives rise to the 
resultant angular momentum denoted by the quantum number J which 
may have quantized positive values from |L+S| upto |L - S| e.g. in 
the case of 3 P (L = 1, S = 1), 4 F (L = 3, S = V/2) possible values 
of J representing state, arising from term splitting are 2,1 and 0 and 
4'/2, 3/4, V/i. and \XA. Each state specified by J is 2J+1 fold degenerate. 
The total number of states obtained from a term is called the multiplet and 
each value of J associated with a given value of L is called component. 
Spectral transitions due to Spin-orbit coupling in an atom or ion occurs 
between the components of two different multiplets while LS coupling 
scheme is used for the elements having atomic number less than 30, in that 
case spin-orbital interactions are large and electrons repulsion parameters 
decrease. The spin-angular momentum of an individual electron couples 
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with its orbital momentum to give an individual J for that electron. The 
individual J's couple to produce a resultant J for the atom. The electronic 
transitions taking place in an atom or ion are governed by certain 
'Selection Rules' which are as follows : 
1. Transitions between states of different multiplicity are forbidden. 
2. Transitions involving the excitation of more than one electron are 
forbidden. 
3. In a molecule, which has a centre of symmetry, transitions between two 
gerade or two ungerade states are forbidden. 
It is possible to examine the effects of crystal field on a 
polyelectron configuration. The ligand field splitting due to cubic field can 
be obtained by considerations of group theory. It has been shown that an 
S state remains unchanged. P states does not split, a D state splits into 
two and F states into three and a G state into four states are tabulated below, 
this holds for an octahedral 'Oh' as well as tetrahedral 'Td' symmetry. 
S — A , 
P — T , 
D — E + T2 
F _ A 2 + T l + T2 
G — A 2 + E + T, + T 2 
Transition from the ground state to the excited state occur according 
to selection rules described earlier. The energy level order of the states 
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arising from the splitting of a term state for a particular ion in an 
octahedral field is the reverse of that for this ion in a tetrahedral field. 
Sometimes due to transfer of charge from ligand to metal or metal 
to ligand, bands appear in the ultraviolet region of the spectrum. Such 
spectra are known as 'Charge Transfer Spectra' or redox spectra. For 
metal complexes there are often possibilities that charge transfer spectra 
extend into the visible region to obscure d-d transition. However, these 
should be clearly discerned from the ligand bands which might also occur 
in the same region. 
The electronic Spectra of complexes in DMSO were recorded on a 
Pye - Unicam 8800 Spectrophotometer at room temperature from the 
Instrumentation Centre, Department of Chemistry, Aligarh Muslim 
University, Aligarh, India. 
2.5 MAGNETIC SUSCEPTIBILITY MEASUREMENTS 
The determination of magnetic moments of transition metal 
complexes have been found to provide ample information in assigning 
their structure. The main contribution to bulk magnetic properties arises 
from magnetic moment resulting from the motion of electrons. It is 
possible to calculate the magnetic moments of known compounds from 
the measured values of magnetic susceptibility. 
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There are several kinds of magnetism in substances viz. 
diamagnetism, paramagnetism and ferromagnetism, or antiferromagnetism. 
Most compounds of the transition elements are paramagnetic. 
Diamagnetism is attributable to the closed shell electrons with an applied 
magnetic field. In the closed shell the electron spin moment and orbital 
moment of the individual electrons balance one another so that there 
is no magnetic moment. Ferromagnetism and antiferromagnetism arise 
as a result of interaction between dipoles of neighbouring atoms. 
If a substance is placed in a magnetic field H, the magnetic 
induction B with the substance is given by 
B • = H + 4rcl 
Where I is the intensity of magnetization. The ratio B/H is called 
the magnetic permeability of the material and is given by 
B/H = 1 + 4n(I/H) = 1 + 4TIK 
Where K is called the magnetic susceptibility per unit volume or 
volume susceptibility. B/H is the ratio of the density of lines of force 
within the substance to the density of such lines in the same region in 
the absence of the sample. Thus the volume susceptibility of a vacuum 
is by definition zero since in vacuum B/H = 1. 
When magnetic susceptibility is considered on the weight basis, the 
gram susceptibility (x ) is used instead of volume susceptibility. The ueff 
value can then be calculated from the gram susceptibility multiplied by 
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the molecular weight and corrected for diamagnetic value as 
ueff -2.84 V X™ T. BM 
Where T is the absolute temperature at which the experiment is 
performed. 
The magnetic properties of any individual atom or ion will result 
from some combination of these two properties that is the inherent 
spin moment of the electron and the orbital moment resulting from the 
motion of the electron around the nucleus. The magnetic moments are 
usually expressed in Bohr magnetons (BM). The magnetic moment of a 
single electron is given by 
us = (in BM) = gVS(S+l) 
Where S is the spin quantum number and g is the gyromagnetic ratio. 
For Mn2+, Fe3+ and other ions whose ground states are S states there 
is no orbital angular momentum. In general however, the transition metal 
ions in their ground state D or F being most common, do possess orbital 
angular momentum. For such ions, as Co2+ and Ni2+, the magnetic moment 
is given by 
us+L = g V4S(S+1) + L(L+T) 
in which L represents the orbital angular momentum quantum number for 
the ion. 
The spin magnetic moment is insensitive to environment of metal ion, 
the orbital magnetic moment is not. In order for an electron to have an 
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orbital angular momentum and there by an orbital magnetic moment 
with reference to a given axis it must be possible to transform the orbital 
into a fully equivalent orbital by rotation about that axis. 
For octahedral complexes the orbital angular momentum is absent 
for A, , A2 and E term, but can be present for T. and T2 terms. Magnetic 
moments of the complex ions with A2 and E ground terms may depart 
from the spin only value by a small amount. The magnetic moments of 
the complexes possessing T ground terms usually differ from the high 
spin value and vary with temperature. The magnetic moments of the 
complexes having a 6A, ground term are very close to the spin only value 
and are independent of temperature. 
For octahedral and tetrahedral complexes in which spin-orbit 
coupling causes a split in the ground state an orbital moment contribution 
is expected. Even no splitting of the ground state appears in cases having 
no orbital moment contribution, an interaction with higher states can appear 
due to spin-orbit coupling giving an orbital moment contribution. 
Practically the magnetic moment value of the unknown complex is 
obtained on Gouy magnetic balance. Faraday method can also be applied for 
the magnetic susceptibility measurement of small quantity of solid samples. 
The gram susceptibility is measured by the following formula, 
AW Wstd. 
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Where X = Grams susceptibility 
AW = Change in weight of the unknown sample with magnet on and off. 
W = Weight of the known sample. 
AWstd = Change in weight of standard sample with magnets on and off 
Wstd . = Weight of standard sample. 
1std = Gram susceptibility of the standard sample. 
Magnetic susceptibility measuremants were carried out using a Faraday 
balance at 300° K from Banaras Hindu University, Varnasi, India. 
2.6 MOLAR CONDUCTANCE MEASUREMENTS 
The conductivity measurement is one of the simplest and easily 
available techniques used to study the nature of complexes. It gives direct 
information regarding whether a given compound is ionic or covalent. 
For this purpose the measurement of molar conductance (Am) which is 
related to the conductance value in the following manner is made, 
Cell constant x Conductance 
Am = 
Concentration of solute expressed in mol cm"3 
Conventionally solutions of 10"3 M strength are used for the 
conductance measurement. Molar conductance values of different types 
of electrolytes in a few solvents are given below; A 1:1 electrolyte may 
have a value of 75-95 ohnr'cm2 mol"1 in nitromefhane, 50-75 ohm",cm2mol*1 
in dimethyl formamide185"187 and 100-160 ohm ''cm2 mol"1 in methyl cyanide. 
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Similarly a solution of 2:1 electrolyte may have a value of 150-180 ohm"1 
cm2 mol"1 in nitromethane, 130-170 ohnr'cm2 mol"1 in dimethyl formamide 
and 140-220 ohm"1 cm2 mol"1 in methyl cyanide. 
The electrical conductivities (10"3M solutions in DMSO) were obtained 
on a Systronic type 302 conductivity bridge equilibrated at 25° C. 
2.7 ELEMENTAL ANALYSIS 
The chemical analysis is quite helpful in fixing the stoichiometric 
composition of the ligand as well as its metal complexes. Carbon, hydrogen 
and nitrogen analyses were carried out with a Thomas and Coleman analyser, 
Carlo Erba 1108. Sulphur and chlorine were analysed by conventional 
methods188. For the metal estimation189, a known amount of complex was 
decomposed with a mixture of nitric, perchloric and sulphuric acids in 
a beaker. It was then dissolved in water and made upto a known volume so as 
to titrate it with standard EDTA. For sulphur and chlorine estimation, 
a known amount of the sample was decomposed in a platinum crucible and 
dissolved in water with a little concentrated nitric acid. The solution was 
then treated with either silver nitrate or barium chloride solution. The 
precipitate was dried and weighed. 
a r t amer 3 
Chapter 3 Synthesis of Polyazamacrocyclic Complexes 46 
3.1 S Y N T H E S I S OF 1 3 - M E M B E R E D O X O T E T R A A Z A 
MACROCYCLIC COMPLEXES. 
3.1.1 INTRODUCTION 
Transition metal(II) complexes of amide macrocycles, have interesting 
properties and can be considered as models for metal proteins and oxygen 
carriers190,191. Numerous scientists made an attempt for the development of 
polyamide macrocycles and reported43 '192,151,149 the transition metal 
complexes bearing amide groups through metal ion controlled condensation 
reaction. It directs the steric course of the reaction preferentially towards 
cyclic rather than oligomeric or polymeric products193"195. The present 
section is an extension of our previous work regarding macrocycles 
bearing different number of amide groups190,196. This part deals with the 
synthesis and characterization of a new series of macrocyclic complexes 
[ML'XJ [M =Mn", Co" or Zn11] and [MlJ]X2 [M =Nin or Cu11] containing 
only one amide group. 
3.1.2 Materials and Methods 
The metal salts MX2. 2H20, MnX2.4H20, CuX2. 2H20 (M =Con or 
Ni"; X = CI or N03) , ZnCl2 and Zn(N03)2.6H20 (all BDH) were commercially 
pure samples. The chemicals methyl acetoacetate, ethyl acetoacetate and 
triethylene tetraamine (all E. Merck) were used as received. All the solvents 
were dried before use. 
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Synthesis of dichloro/nitrato (2 -oxo-4-methyl - l ,5 ,8 , l l - te tra-
azacyclotrideca-4-ene) metal (II) [MVX2] (M = Mn», Co", or Zn"; X=C1 
or N 0 3 ) and (2-oxo-4-methyl- l ,5 ,8 , l l - tetraazacyclotr ideca-4-
ene)metal(II) dichloride/nitrate [MV\XV (M = Ni" or Cu"; X = CI or 
N0 3 ) 
The respective metal salts (0.01 mol) and triethylene tetraamine 
(1.49 ml, 0.01 mol) were dissolved in MeOH (30cm3) in a round bottomed 
flask and the mixture was stirred magnetically for about 30 minutes. To 
the above solution ethyl acetoacetate (1.27 ml, 0.01 mol) or methyl 
acetoacetate (1.07ml, 0.01 mol) was added, which was then stirred for an 
additional 6 h. The resulting solid product was removed by filtration, 
washed with MeOH and vacuum dried. 
3.1.3 Results and Discussion 
The template reaction of triethylene tetraamine and methyl 
acetoacetate or ethyl acetoacetate with metal ion in 1:1:1 molar ratio 
resulted in the formation of the macrocyclic complexes, [ML'XJ [M = Mn11, 
Co11 or Z n ^ J M L 1 ^ [M = Cu11 or Ni11] as shown in Scheme 6. These 
compounds show poor solubility in solvents like dichloromethane, 
chloroform, dioxane, carbon tetrachloride and methyl cyanide. They are 
freely soluble in dimethyl sulphoxide and warm dimethylformamide. The 
results of analytical data (Table 1) suggest their 1:1 metal to ligand 
0 0 N H 2 
R=CH3 orC2H5 
MN I N 2 - C c ^  > 
H \ x / » 
V I Z CH3 
M - M n ( ! l ) j C o { ! ! ) o n d 2 n ( ! l ) 
X = CI or N03 
M 2 + 
/ \ ° ~l 
2+ 
\ _ / CH 3 
M = Cu(I I ) ond N l ( l | ) 
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stoichiometry. The molar conductivities for all the complexes except nickel 
and copper complexes in DMSO solution shows low values suggesting them 
to be non-electrolytes187 while those of nickel and copper complexes suggest 
their 1:2 electrolytic187 nature. 
IR Spectra 
The I.R. spectra (Table 2) of all the complexes exhibit a single sharp 
band in the region 3250-3270 cm"1 which may be assigned197 to coordinated 
NH stretching vibration. This information together with the appearance 
of four bands in the 1680-1710, 1530-1570, 1250-1270 and 650-680 cm'1 
regions assignable198 to amide I v(C = O); amide II (vC-N + 8N-H); amide 
III (8 N-H) and amide IV <j)(C=0) bands, respectively, suggest the 
formation of proposed macrocyclic frame work. This has been further 
corroborated by the appearance of bands at 360-410 cm"1 in the spectra 
of all the complexes, which may be assigned to v(M-N) vibration176. The 
absorption bands appearing in the region 2880-2930 and 1410-1460 cm*1 in 
all the complexes may reasonably be assigned199 to the C-H stretching and 
C-H bending vibrational modes, respectively. This result has been further 
confirmed by the appearance of a strong, medium intensity band at ca. 
1620 cm"1 assigned200 to the coordinated imine v(C= N). The appearance 
of imine band indicates that condensation may have taken place at C2H50 
or C H 3 0 group of the alkyl acetoacetate moiety. Bands in the 
1230-1245, 1000-1030, 850-875 cm"1 regions of the nitrato complexes 
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indicate the presence of the monodentate coordinated nitrate group201. 
'H NMR Spectra 
The 'H-N.M.R. spectra (Table 3) of zinc(II) macrocyclic complexes 
shows multiplet at around 8.56 ppm which can be assigned202 to amide 
(NH-C=0) proton. A sharp signal observed at 2.52 ppm corresponds to 
imine methyl (CH3-C=N-) protons203. A multiplet appearing at 3.50 ppm 
may be ascribed125 to the methylene protons of amine linkage 
(triethylenetetraamine moiety). A singlet was observed at 2.15 ppm which 
may be assigned204 to methylene (C-CH2-C) protons of alkyl acetoacetate 
moiety. Furthermore, a multiplet appears in the 6.25 - 6.40 ppm region 
which can be assigned205 to secondary amino (C-NH-C) protons of the 
triethylene tetraamine moiety. 
Table 3. *H NMR spectral data* of the compounds 
Compound C-NH-C CO-NH CH3-C=N CH2-N=C C-CH2-C 
[ZnLCl2] 6.25(m) 8.54(m) 2.50(m) 3.50(m) 2.15(s) 
[ZnL(N03)2] 6.40(m) 8.56(m) 2.52(m) 3.52(m) 2.13(s) 
* Chemical shifts (8/ppm) with multiplicaties in parenthesis 
m = multiplet, s = singlet 
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EPR Spectra 
The E.P.R. spectra of polycrystalline copper (II) macrocyclic 
complexes were recorded at room temperature and their g„ and g± values 
were calculated . The non-occurrence of hyperfine splitting may be 
attributed to the strong dipolar and exchange interactions between 
copper (II) ions in the unit cell. The calculated g,, and g± values were found 
to be 2.23 and 2.09 respectively, which are characteristic206 of square 
planar copper(II) complexes. This suggests207 that the unpaired electron 
is present in the d 2 2 orbital as g,, > g± > 2.02. In an axial symmetry 
the g values are related by the expression G =(g,.-2)/(gJL -2) which measure 
the exchange interaction between copper centers in the unit cell. The 
calculated G values are found to be 2.55 (G<4) indicating208,209 considerable 
exchange interaction between copper centres, as the G values are less 
than 4. 
Electronic Spectra 
The electronic spectra (Table 4) of both manganese(II) complexes 
exhibit two bands at 22,950 and 19,550 cm'1 for [MnL 'Cy and at 23,350 and 
19,250 cm"1 for [MnL1(N03)2] assignable210 to 6A,g-> 4T2g and 
6Aj ->4T, transitions, respectively, corresponding to an octahedral 
geometry. Each cobalt complex exhibit two bands appearing at ea. 14,000 
and 22,000 cm"1 which may reasonably corresponds to 4Tj (F) -»4A2 (F) and 
4T, (F) -> 4T, (P) transitions, respectively, consistent with that of 
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octahedral geometry209 around the cobalt (II) ion. The electronic spectra of 
nickel(II) complexes show two bands at ca. 20,100 and 15,400 cm"1 which 
may be assigned to 'Aj -> !A2 and !A, —> lBlg transitions, respectively, 
suggesting a square planar geometry. The electronic spectra of copper (II) 
complexes show a broad band at ca. 16,000 cm"1 assignable 
to 2Bj -> 2A, transition. However, two weak shoulders appearing 
around 21,550 and 12,400 cm"1 may be ascribed to 2B, -» 2E and 
2B, -> 2B2 transitions, respectively, suggesting210 a square planar geometry 
around the copper (II) ions. 
The electronic spectral and magnetic moment data (Table 4) are 
consistent6,210 with the proposed structure. 
3.2 SYNTHESIS OF DIOXOTETRAAZAMACROCYCLIC 
COMPLEXES BY INCORPORATING PEPTIDE BONDS 
3.2.1 INTRODUCTION 
Polyamide macrocycles are of particular interest in view of their 
two possible potential donor atoms, nitrogen and oxygen which may 
involve in coordination. Macrocyclic dioxotetraamines show unique 
ligating behaviour towards divalent 3d cations with simultaneous 
dissociation of two amino groups20,129. Macrocyclic oxotetraamines 
bear the dual structural features of macrocyclic tetraamines and 
oligopeptides and can stabilize higher oxidation states of some of these 
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ions141'144'145,211. These properties have been applied to superoxide dimutase-
like catalyst130 ,212 . Transition metal(II) complexes of macrocyclic 
dioxotetraamines have interesting properties and can be considered as 
models for metalloproteins and oxygen carriers130,194'195. Recently a great 
effort has been made to incorporate functionalized pendant groups into the 
macrocyclic dioxotetraamines213"215. More recently Lin and coworkers216 
have made a colorimetric study of the coordination of macrocyclic 
dioxotetramines with metal ions which provides much useful information. 
The present work describes the synthesis and ligating behaviour of 
dioxotetraamine macrocyclic complexes, [ML2X2] and [ML3X2] [ M=Mnn, 
Co11, Ni", Cu" or Zn"; X=C1 or N0 3 ] obtained by the reaction of 
o-aminobenzoic acid, aliphatic primary amines and 2,4-pentanedione with 
metal ion in a 2:1:1:1 molar ratio. 
3.2.2 Materials and Methods 
o-Aminobenzoic acid, diaminoethane, 1,3-diaminopropane and 2,4-
pentanedione (all E.merck) were used as received. Metal salts MnX2.4H20, 
CoX 2 . 6H 2 0 , N iX 2 . 6H 2 0 , CuX 2 .2H 20 (X=C1 or N 0 3 ) , ZnCl2 and 
Zn(N03)2 .6H20 (all BDH) were commercially available pure samples. 
Synthesis of dichloro/nitrato (6,7:14,15-dibenzo-8,13-dioxo-2,4-dimethyl-
l ,5,9,12-tetraazacyclopentadecane-l,4-diene) metal(II), [ML2X2] 
[M=Mn", Co", Ni", Cu" or Zn"; X=C1 or N0 3 ] . 
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The respective metal salts (0.01 mol) were dissolved in MeOH in a 
two-necked round bottomed flask and the mixture was stirred magnetically. 
o-Aminobenzoic acid (2.74 ml, 0.02 mol) and diaminoethane (0.66 gm, 
0.01 mol) were both dissolved in MeOH and added simultaneously. 
Stirring was then continued for 30 min. Finally, a MeOH solution of 
2,4-pentanedione (1.02 ml, 0.01 mol) was added to the mixture, which 
was then stirred for an additional 6 h. The resulting solid product 
was removed by filtration, washed with MeOH and vacuum dried. 
Synthesis of dichloro/nitrato [6,7:15,16-dibenzo- 8,14-dioxo- 2,4-dimethyl-
1,5,9,13- tetraazacyclohexadecane-l,4-diene] metal(II), [ML3X2] 
[M=Mnn, Co", Ni", Cu" or Zn"; X = CI or N0 3 ] . 
The respective metal salts (0.01 mol) were dissolved in MeOH in a 
two-necked round bottomed flask and the mixture was stirred magnetically. 
o-Aminobenzoic acid (2.74 ml, 0.02 mol) and 1,3-diaminopropane (0.83 gm, 
0.01 mol) were both dissolved in MeOH and added simultaneously. 
Stirring was continued for 30 min. Finally, a MeOH solution of 
2,4-pentanedione (1.02 ml, 0.01 mol) was added to the mixture, which 
was then stirred for an additional 6 h. The resulting solid product 
was removed by filtration, washed with MeOH and vacuum dried. 
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3.2.3 Results and Discussion 
The template reaction of o-aminobenzoic acid, diaminoethane or 
1,3-diaminopropane and 2,4-pentanedione with metal ion in 2:1:1:1 molar 
ratio resulted in the isolation of a new class of dioxotetraamine 
macrocyclic complexes with stoichiometry [ML2X2] and [ML3X2] (M=Mnn, 
Co", Ni", Cu" or Zn11; X=C1 or N0 3 ) . The elemental analysis (Table 5) 
results are consistent with their proposed 1:1 metal to ligand stoichiometry 
as shown in Scheme 7. The observed molar conductances indicate187 that the 
compounds are non electrolytes in DMSO (Table 5). They are obtained in a 
40-50% yield, are air stable and insoluble in most of the 
organic solvents except DMSO and DMF. 
IR Spectra 
The IR spectra (Table 6) of the macrocyclic complexes [ML2X2] and 
[ML3X2] show bands mainly in the 1690-1740, 1500-1530, 1220-1250 
and 660-680 cm"1 regions assignable217 to amide I, II, HI and IV vibrations, 
respectively. All exhibit a single, sharp band at ca. 3240 cm*1 which may 
be ascribed to the coordinated N-H stretching vibration191 which support 
that the amide nitrogen takes part in coordination to the metal ions. 
The absence of the absorption bands assignable for the O-H stretching 
vibration176,177 in the 3,700-3,500 cm"1 region is also in support of the 
formation of proposed macrocyclic moiety. Appearance of a strong 
medium intensity band at £3. 1610 cm"1 is assigned191 to the coordinated 
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imine bands, v(C=N). However, the amide I band which is observed in the 
1690-1740 cm"1 region176 rules out the possibility of a coordinated amide 
oxygen. Bands at ca. 2900 and 1450 cm"1 for all the complexes correspond 
to the CH stretching and CH bending vibrations, respectively; however the 
bands corresponding to the phenyl group appeared at their estimated 
positions. A medium intensity band in the spectra of all the complexes in 
the 400-440 cm"1 range is assigned200 to M-N streching vibrations. The 
chloro complexes display bands at ca. 300 cm"1 which may be attributed200 
to the v(M-Cl) vibration. 
The spectra of nitrato complexes gave additional bands at ca 1230, 
1020 and 890 cm"1, consistent44 with the nitrate group. Bands at ca. 
260 cm"1 may be due to the nitrate group coordinated through oxygen. 
[v(M-O) of the N 0 3 group]. 
!H NMR Spectra 
The 'H NMR spectra (Table 7) of all the zinc(II) macrocyclic 
complexes, recorded in d6-DMSO, exhibit a broad singlet at 7.86 ppm 
and a multiplet in the 3.12-3.20 ppm range which may reasonably, be 
assigned196-200 as amide (NHCO,2H) and methylene protons (N-CH2,4H) of 
amine moiety, respectively. A multiplet in all the complexes, 6.55 - 6.61 ppm 
range, corresponds to the phenyl ring protons. Two multiplets additional at 
1.72 and 2.20 ppm, may be assigned to the methylene (CH2,2H) and methyl 
(CH3,6H) protons of 2,4-pentanedione moiety, respectively. No compound 
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exhibits the signals corresponding to the carboxylic (-COOH) or amino 
(-NH2) protons, which is in support of the structure shown in 
Scheme 7. 
EPR Spectra 
The room temperature EPR spectra (Table 6) of all the powder 
samples of copper complexes [CuL2X2] and [CuL3X2] have been recorded 
which showed a single broad signal. The calculated g|( and g± values 
appeared in the 2.23 - 2.28 and 2.10 - 2.14 regions, respectively. The 
existance of g± values lower than those of their respective g.. values 
(g,, > g± > 2.20) indicates206 that the unpaired electron is present in the 
d } 2 orbital having 2B, as a ground state term. The axial symmety 
parameter, G, obtained by the relation (g,. - 2)1 (g± - 2) showed in the range 
1.8-2.4, which supports191 the contention that there is a considerable 
exchange interaction between the copper centres (G < 4). 
The spectra of polycrystalline cobalt(II) complexes were also 
recorded at room temperature. No hyperfine splitting was observed, but a 
broad signal was obtained. The g,. and g± values were calculated (Table 6) 
from the spectra and were observed at c.a. 2.05 and 2.30 respectively, 
consistent218'219 with a coordinated Co(II) d7 configuration. 
Electronic Spectra 
The electronic spectra (Table 8) of the manganese complexes 
exhibit two bands in the 22700 - 23500 and 19200 - 19600 cm"1 regions, 
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assignable210 to 6A, -» 4T2 and 6A, -» 4T, transitions, respectively 
corresponding to an octahedral geometry for the manganese ion. The 
cobalt complexes exhibit two bands in the 13800 - 14200 and 22100 -
22500 cm'1, regions characteristic210 of the 4Tlg(F) -> 4A2g(F) and 4T,g(F) 
-»
 4T, (P) transitions, respectively, from the high spin d7 configuration 
(Co2+) in an octahedral geometry. The nickel complexes all showed 
two bands in the 11500 - 11900 and 17600 - 18200 cm"1 regions, which 
may unambigously be assigned210 as 3A2 -» 3T, (F) and 3A2 -» 3T, (P), 
transitions, respectively, arising from the octahedral geometry of Ni2+. 
Copper complexes exhibit two distinct bands centred in the 
16100 - 16800 and 18600 - 19200 cm"1 region, assignable210 to 2 B l g -> 2B2 g 
and 2B, -» 2E2 transitions, respectively which is characteristic of an 
octahecdral geometry. The high intensity bands observed at CJL. 38000 
cm-1 for all the complexes in the u.v. region may be assigned as metal 
-ligand charge transfer excitation. Another high intensity band observed 
for all the complexes at ca. 30000 cm-1 may be associated with the ligand 
transitions (n -> 7i*). 
The magnetic moments for all the complexes are consistant with the 
high spin octahedral geometry around these metal ions, which further 
supports the electronic spectral results. 
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3.3 SYNTHESIS OF OCTAAZATETRAONE MACROCYCLIC 
COMPLEXES 
3.3.1 INTRODUCTION 
Macrocyclic complexes bearing amide groups are now subject of 
much recent interest, mainly because of their importance in biology and 
catalysis25'130, viz, models for metalloproteins and oxygen carriers194. The 
copper(II) complexes can be oxidised at moderately positive potentials to 
give authentic trivalent copper species which are stable in aqueous 
solution140144 These copper(II) compounds can serve as models for 
enzymes such as galactose oxidase and may be employed as effective 
oxidants and redox catalysts133. Other related macrocyclic complexes 
have also been used220 in the electrocatalytic reduction of C 0 2 . Many 
researchers have reported44'221 a number of polyamide macrocycles from 
different reactions and in many cases, such polyamide macrocycles have 
been used for the preparat ion of the corresponding sa tura ted 
polyazamacrocyclic compounds. 
In view of continued interest in polyamide macrocycles, various 
macrocyclic complexes bearing amide groups have been reported 
recently43,196,200, which were obtained either from dicarboxylic acids or 
from alkyl acetoacetates. Reports160 '190 on the preparation of amide 
macrocyclic complexes incorporating N-N bonds in the macrocyclic 
framework have also appeared recently. However, polyamide macrocycles 
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from hydrazine have hardly been reported. The present work describes 
the synthesis and characterization of tetraamide macrocyclic complexes, 
[ML4C12], obtained from hydrazine and alkyl acetoacetate. 
3.3.2 Materials and Methods 
Methyl acetoacetate, ethyl acetoacetate and hydrazine hydrate were 
obtained from E. Merck. Metal salts MnCl2.4H20, FeCl2, CoCl2.6H20, 
NiCl2 .6H20, CuCl2.2H20 and ZnCl2 used were of British Drug House 
quality. All the solvents were dried before use. 
Synthesis of Dichloro (5,10,15,20-tetramethyl-2,7,12,17-tetraone-
3,4,8,9,13,14,18,19-octaazacycloeicosane-4,9,14,19-tetraene) metal(II), 
[ML4CI2] [M = Mn", Fe", Co", Ni", Cu ,r or Zn11] 
A methanolic solution (~ 20 mL) of hydrazine hydrate (1.963 mL, 
4.0 mmol) and a methanolic solution (-20 mL) of methyl acetoacetate 
(4.316 mL, 4.0 mmol) or ethyl acetoacetate (5.098 mL, 4.0 mmol) was 
added simultaneously through the two necks of a round-bottomed flask 
containing 30 mL of the respective stirred methanolic metal salt (1.0 
mmol) solution. An immediate colour change occured followed by the 
appearance of solid products at rooom temperature. The resultant mixture 
was stirred for another 5 h and the final product thus obtained was filtered, 
washed with methanol and vacuum dried. 
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3.3.3 Results and Discussion 
The template reaction of hydrazine hydrate, methyl acetoacetate 
or ethyl acetoacetate with metal ion resulted in the formation of the 
macrocyclic complexes, [ML4C12] [M=Mnn, Fe11, Co11, Ni11, Cu11 or Zn11] in a 
4:4:1 molar ratio as shown in Scheme 8. Both starting materials methyl 
acetoacetate and ethyl acetoacetate were used with each metal leading to 
the isolation of identical products. The possibility of the formation of 
expected pyrazolones222 has been avoided in view of the possible 
coordination of the hydrazine moiety to the metal followed by the 
condensation with alkyl acetoacetate. These complexes show poor 
solubility in solvents like dichloromethane, chloroform, dioxane, carbon 
te t rach lor ide and water. However, they are freely soluble in 
dimethylsulphoxide and warm dimethyl formamide. The results of the 
analytical data (Table 9) suggest their 1:1 metal:ligand stoichiometry. All 
complexes exhibit low molar conductivity values in DMSO (Table 9) 
which support187 the non-ionic nature of these compounds. 
IR Spectra 
The IR spectra (Table 10) of the complexes exhibit bands in the 
region 1610-1620 cm"1 assignable to coordinated v ( O N ) suggesting that 
the imine nitrogen is coordinated to the central metal ion196. The other 
important bands observed in the IR spectra around 1700, 1570 and 1280 
cm"1 are attributable to the bands characteristic of amide I, amide II and 
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amide III, respectively. However, the characteristic stretching frequencies 
for alkoxy groups were absent. The appearance of a band around 3210 
cm"1 is attributable to v(N-H). This band shows a slight shift to lower 
frequency in comparison to that of similar metal-free tetraamide 
macrocycles which may be explained by the involvement of the amide 
nitrogen in coordination43. This has been supported further by the 
appearance of a medium intensity band around 450 cm"1 assignable to 
v(M-N). The amide I band appeared in the region expected for a free 
carbonyl group which suggests175 that the amide oxygen is not involved in 
coordination. A medium intensity band around 950 cm"1 may be ascribed 
to the v(N-N) stretching mode of the hydrazine moiety. Besides these 
bands, a number of IR bands characteristic of C-H in-plane and out-of-
plane vibrations and C-N stretching vibrations have been observed at 
their expected positions. 
JH NMR Spectra 
The 'H NMR spectra of the Zn11 macrocyclic complex exhibit a 
broad band in the region 8.43 ppm which can be ascribed43 to the amide 
protons. Importantly, no NMR peaks have been observed which correspond 
to the NH2 protons of hydrazine or alkoxy protons of the acetato groups of 
methyl acetoacetate and ethyl acetoacetate suggesting that condensation 
has taken place as indicated in Scheme 8. The two singlets appearing 
around 2.22 and 1.75 ppm may be assigned to t h ^ ^ r ^ r p e H p l ' a H ) and 
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methylene (C-CH2-C, 8H) protons of the acetoacetate group, respectively. 
EPR Spectra 
The EPR spectra of the polycrystalline copper(II) macrocyclic 
complex have been recorded at room temperature and show a single 
signal for g,, and g± in the 2.25 and 2.09 regions, respectively. The 
spectra exhibit no hyperfine splitting which may be due to the fact 
that the paramagnetic centres are not diluted. In the absence of 
information such as the copper hyperfine coupling constant, it is not 
possible to estimate the extent of de rea l i za t ion of the unpaired 
electron on to the macrocyclic ligand. The existence of g,. > g± 
suggests206 that dx2 Y2 is the ground state with the d9 (Cu2+) configuration, 
i.e. (e )4 (a, )2 (b2 )2 (b, J 1 . In our discussion of the EPR results the 
g values are related to the axial symmetry parameters, G, by the 
following expression: G = (gj( - 2) / (g± - 2). Here the G values measure 
the extent of exchange interaction between copper centres in the 
polycrystalline solid. If G > 4, the exchange interaction is negligible and 
if G < 4, considerable exchange interaction is present in the solid 
complexes208. In the present case, G appeared in the 2.77 range which 
indicates that exchange interaction is present in these complexes. 
Electronic Spectra 
The appearance of two bands in the electronic spectra (Table 11) 
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of the manganese complex in the 18600 and 22400 cm"1 regions can 
be ascribed210 to 6A, -> 4T, and 6A )g -» 4T2g transitions, respectively; 
these correspond to an octahedral geometry around the Mn11 ion. The 
electronic spectra of the iron complexes exhibit a weak-intensity 
d-d transition in the region 11800 cm"1 which may be reasonably assigned 
to the 5T2 -> 5E transition, consistent with a high-spin octahedral 
environment around iron(II) ion. 
However, the spectra of the cobalt complexes exhibit two bands 
in the 13900 cm'1 and 22350 cm"1 region which are assigned to 
4T lg(F) -> 4A2g(F) and 4Tlg(F) -> 4T]g(P) transitions, respectively, arising 
from an octahedral geometry around the Co11 ion. 
The nickel complex exhibits two bands in their electronic spectra 
at 11500 cm"1 and 17600 cm"1 which may be assigned to 3A2 -» 3Tj (F) 
and 3A2 -> 3T, (P) transitions, respectively, suggesting an octahedral 
geometry around the Ni11 ion. 
The electronic spectra of the copper complexes gave two ligand 
field bands in the region 16300-and 19400 cm"1, assignable to 2B, -> 2B2 
and 2 B ] g -> 2Eg transitions, respectively, which are in close agreement 
with those expected for a distorted octahedral geometry. 
The magnetic susceptibility measurements (Table 11) for all 
complexes are consistant with their respective electronic spectra. 
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3.4. SYNTHESIS OF TETRAIMINETETRAAMIDE MACRO-
CYCLIC COMPLEXES 
3.4.1. INTRODUCTION 
The application of macrocyclic compounds59'63,223 in bioinorganic 
chemistry, catalysis, extraction of metal ions from solution and the activation 
of small molecules gave impetus to this endeavour. In view of the presence 
of two possible potential donor atoms viz.nitrogen and oxygen, the 
coordination chemistry of amide macrocycles deserves special attention. It 
has been shown that amide macrocyclic compounds bear the dual structural 
features of macrocyclic tetraamines and oligopeptides and can stabilize 
higher oxidation states of some of the metal ions144 '211. These properties 
have been applied to superoxide dismutase-like catalyst130 '212. Although 
there are many examples of macrocyclic synthetic ligands with identical 
donor groups, mixtures of two or more donor sites have been also employed 
to tune the selectivity and stability130'224'225. 
Recently, Shakir and Co-workers have reported43'44'150'192,226 several 
amide macrocyclic complexes prepared with the dicarboxylic acids. 
Present study is in continuation192 '198 '227 of our work on polyamide 
macrocyclic complexes incorporating hydrazine moieties in the 
macrocyclic frame-work. It describes the synthesis and characterization of 
tetraamide macrocyclic complexes [ML XJ and [CuL] X2 [M = Mn11, Co11, 
Ni11 or Zn11; X = CI or N0 3 ; L=L5 or L6] obtained from hydrazine hydrate, 
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dicarboxylic acids (phthalic acid and succinic acid) and acetyl acetone. 
3.4.2 Materials and Methods 
The metal salts, MnX2.4H20, CoX2.6H20, NiX2.6H20, CuX2 .2H20, 
(X =C1 or N03) ZnCl2 and Zn(N03)2.6H20 were of BDH quality. 2,4-
Pentanedione (E. Merck), phthalic acid, succinic acid and hydrazine hydrate 
(SD Fine Chemicals, India) were used as received. 
Synthesis of Dichloro/nitrato(8,ll, 19,22-tetraoxo-3,5,14,16-tetramethyI-
l,2,6,7,12,13,17,18-octaazacyclobicosane-2,5,13,16-tetraene) metal(II), 
[ML5X2] [M = Mn", Co", Ni" or Zn"; X = CI or N0 3 ] and (8,11,19,22 
T e t r a o x o - 3 , 5 , 1 4 , 1 6 - t e t r a m e t h y l - l , 2 , 6 , 7 , 1 2 , 1 3 , 1 7 , 1 8 - o c t a a z a -
cyclobicosane 2,5,13,16-tetraene) copper(II)dichloride/nitrate 
[CuL5] X2; (X = CI or N03). 
The appropriate metal salt (0.0025 mol) was dissolved in methanol 
(-25 mL) and taken in a two neck round bottom flask. The solution was 
stirred using a magnetic stirrer. Hydrazine hydrate (1.96 mL, 0.04 mol) and 
succinic acid (0.236 g, 0.02 mol) were each dissolved in methanol 
(~ 50 mL ) and added simultaneously to the above solution through two 
separate dropping funnels. Stirring was continued for 1 h. Finally, a 
methanolic solution of 2,4-pentanedione (2.05 mL, 0.02 mol) was added to 
the reaction mixture and stirred for an additional 6 h. The resulting solid 
product was removed by filtration, washed with MeOH and vacuum dried. 
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Synthesis of Dichloro/nitrato(9,10,20,21-dibenzo-8,11,19,22-tetraoxo-
3,5,14,16-tetramethyl-l,2,6,7,12,13,17,18-octaazacyclobicosane-2,5,13,16, 
tetraene)metal(II) [ML6X2] (M = Mn", Co", Ni" or Zn"; X = CI or N0 3 ) 
and (9,10,20,21-Dibenzo-8,11,19,22-tetraoxo-3,5,14,16-tetramethyl-
1,2,6, 7,12,13,17,18-octaazacyclobicosane-2,5,13,16,-tetraene) copper(II) 
dichloride/nitrate [CuL6] X2; (X = CI or N03) . 
The appropriate metal salt (0.0025 mol) was dissolved in methanol 
(-25 mL) and taken in a two neck round bottom flask. The solution was 
stirred using a magnetic stirrer. Hydrazine hydrate (1.96 mL, 0.04 mol) and 
phthalic acid (0.332 g, 0.02 mol) were each dissolved in methanol 
(~ 50 mL ) and added simultaneously to the above solution through two 
separate dropping funnels. Stirring was continued for 1 h. Finally, a 
methanolic solution of 2,4-pentanedione (2.05 mL, 0.02 mol) was added to 
the reaction mixture and stirred for an additional 6 h. The resulting solid 
product was removed by filtration, washed with MeOH and vacuum dried. 
3.4.3 Results and Discussion 
Novel tetraoxotetraimine macrocyclic complexes [MLX2] and [CuL]X2 
[M = Mn11, Co11, Ni11 or Zn11; X = CI or N0 3 ; L = L5 or L6 as shown in 
scheme 9] have been prepared by the template condensation reaction of 
succinic acid or phthalic acid, 2,4-pentanedione and hydrazine hydrate with 
metal ion in 2:2:4:1 molar ratio in methanol. The complexes exhibit 1:1 
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metal to ligand stoichiometry as seen from elemental analyses (Table 12). 
All the complexes are soluble in H20, DMSO, CH3CN and THF. Molar 
conductivity studies in DMSO indicate that copper(II) complexes are 
electrolytic in nature187 while Mn", Co11, Ni11 or Zn11 complexes are 
non-electrolytic . 
IR Spectra 
The IR spectra (Table 13) of all the macrocyclic complexes [ML5 X2] 
and [ML6X2] provided strong evidence for the formation of an amide 
group. The absence of bands characteristic of NH2 or OH groups and the 
appearance of bands corresponding to an amide group provide strong 
evidence for the presence of a closed cyclic species bonded through amide 
nitrogens as shown in Scheme 9. The four bands in the regions 1670-1720, 
1460-1530, 1240-1270 and 660-680 cm'1 have been assigned43 to amide I 
[v(C=0)], amide II [v(C-N)+ 8(N-H)] amide III [5(N-H)], and amide IV 
[(J)(C=0)] vibrations, respectively (Table 13). However, the band at 
1670-1720 cm"1 due to amide I is characteristic of a free amide, 
suggesting that the amide oxygen is not involved in coordination. This 
is further supported by the appearance of a new intense band in the 
1580-1610 cm"1 region for all the complexes which may reasonably be 
assigned198 '219 to the C=N stretching vibration of the macrocyclic 
system. However, its position is found to be shifted to lower frequency 
(20 cm"1) when compared with that reported175 for the non-coordinated 
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imine function in polyazamacrocyclic moieties. A medium intensity band 
around 957 cm"1 may be ascribed to v(N-N) of the hydrazine moiety. 
All the complexes showed two sharp bands in the regions 
3280-3310 and 3220-3250 cm"1 which may be assigned to v(N-H) of 
the coordinated amide group. The lowering of the NH frequency of the 
amide group (~ 50 cm"1) in comparison to that of the analogous metal-free 
polyamide macrocyclic ligands indicate228 that the amide nitrogens are 
involved in coordination to the metal ions. These results strongly 
suggest that the proposed macrocyclic framework is formed. A medium 
intensity band in the 405-450 cm'1 region is attributed229 to the v(M-N) 
vibration. All complexes showed IR bands in the region 2870-2910 
and 1410-1440 cm"1. These may be due to v(C-H) and 5(C-H) vibrations, 
respectively. All the complexes showed additional bands appearing in the 
nitro and chloro complexes in the regions 240-260 and 280-320 cm"1 which 
are assignable43'200 to v(M-O) and v(M-Cl) vibrations, respectively. 
lH NMR Spectra 
The 'H NMR spectra (Table 14) of the zinc(II) complexes showed a 
major peaks at 8.38-8.42 ppm, which may be assigned230 to a macrocyclic 
ligand bearing an amide group (CO-NH; 4H). The complexes showed an 
additional multiplet at 7.15 ppm attributed to phenyl ring protons. A singlet 
at 3.30 ppm has been assigned to the methylene protons [C-(CH2)-C; 8H] 
of succinic acid. Two additional multiplets at 1.76 and 2.24 ppm have 
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been assigned190 to the methylene (CH2; 4H) and methyl (CH3; 12H) protons 
of the 2,4-pentanedione moiety, respectively. The absence of carboxylic 
protons (-COOH) of carboxylic acid and NH2 protons of hydrazine moiety 
supports the proposed macrocyclic framework. 
EPR Spectra 
The EPR spectra of the polycrystalline copper(II) macrocyclic 
complexes have been recorded at room temperature. For the complexes 
under investigation g., and g± values were found to be 2.02-2.23 and 2.09-
2.10, respectively. All the spectra showed similar signals. None of the 
complexes showed hyperfine splitting. This may be due to the fact that 
the paramagnetic centers were not diluted. The existence of g..>gj^ 
suggests206 that for the d9 Cu2+ complex ion; the ground state is dx2_ Y2 Le.., 
(eg)4 (a, )2 (b2 )2 (b, )2. Proctor and co-workers have postulated208 that 
the magnitude of the ratio G = (g,,- 2)/(g±- 2) is a measure of exchange 
interaction in the copper(II) complexes. In the present case, the 
ratio was found to be in the range 2.00-2.55. This (G<4) is indicative of 
considerable exchange interaction in the solid complexes. It has been 
reported209 that a g|( value of less than 2.3 in copper(II) complexes is 
indicative of covalent character of the metal ligand bond. The g.. 
values obtained in the present study are indicative of considerable metal-
ligand covalent character. 
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Electronic Spectra 
The electronic spectra of manganese(II) complexes (Table 15) 
showed two ligand field bands at 19200 and 22550 cm"1 which may be 
assigned to 6A, -> 4Tj and 6A, -» 4T2 transitions, respectively. 
The electronic spectra of cobalt complexes showed two ligand field 
bands in the 13800-14100 and 22100-21150 cm"' range. These have 
been assigned210 to 4T,g(F)->4A2g(F) and 4T,g(F)->4T,g(P) transitions, 
respectively, arising from an octahedral geometry of the 
Co11 ion. The electronic spectra of nickel complexes showed two bands 
in the 11550-11750 and 17500-17700 cm'1 range. These may be 
assigned to 3A2 -» 3Tj (F) and 3A2 -» 3Tj (P) transitions, respectively, 
and are characteristic of an octahedral geometry around the Ni11 ion. 
However, electronic spectra of the copper complexes showed 
three bands at 12400-12500, 16250-16400 and 21700-21850 cm"1 
regions which may be attributed200'224 to the 2B, -> 2B~ , 2B, ->• 2A, 
B J lg 2g' lg lg 
and 2Bj ->2E transitions, respectively. The spectra are consistent200 
with a square-planar geometry around the copper(II) ion. 
The observed magnetic moment values for all metal complexes are 
in close agreement with their electronic spectral data. 
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3.5 SYNTHESIS OF TETRAOXOTETRAIMINE MACRO-
CYCLIC COMPLEXES 
3.5.1 INTRODUCTION 
The application of macrocyclic compounds59,63,223-231 in bioinorganic 
chemistry, catalysis, extraction of metal ions from solution and the 
activation of small molecules gave impetus to this endeavour. The 
synthesis and study of macrocyclic complexes in which a large ligand 
structure maintains donor atoms in a planar fashion around the metal 
ion, represents an important current objective in the study of transition 
metals. Recently we have studied a variety of polyazamacrocyclic systems 
in this context43,44,198,200,232. 
Unsaturated polyazamacrocycles and their metal complexes have 
received special attention since they are considered useful as models for 
biological macrocyclic systems. Consequently metal template cyclizations 
of 1,2-dihydrazones have been extensively studied for this purpose163,233. 
Relatively little is known about complex compounds of l,2-diphenyl-l,2-
dione dihydrazone and their spectral and magnetic properties as well as their 
reactivity with compounds containing carbonyl functional groups. With a 
view to isolate new clathrochelates, many attempts162,164,234 have been 
made tostudy the metal complexes of this class. The present work 
describes the preparation and characterization of a series of amide 
macrocyclic complexes with l,2-diphenylethane-l,2-dione dihydrazone. 
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3.5.2 Materials and Methods 
Succinic acid, phthalic acid, benzil, hydrazinehydrate were E.Merck 
reagents; metal salts MX2.6H20 (M = Co11 or Ni11) MnX2.4H20, CuX2.2H20 
(X=C1 or N03), ZnCl2 and Zn(N03)2 .6H20 (all BDH) were commercially 
pure samples. l,2-Diphenylethane-l,2-dione dihydrazone (DPEDDH) was 
prepared by the reaction of benzil and hydrazinehydrate according to the 
literature method235. 
Synthesis of Dichloro/nitrato (l,2-dipheny!ethane-l,2-dione dihydrazone) 
metal(II), {M(DPEDDH)2X2] complexes [M = Mn", Co", Ni", Cu" or 
Zn11; X=C1 or N0 3 ] . 
l,2-Diphenylethane-l,2-dione dihydrazone (2.38 g 0.01 mol) was 
dissolved in EtOH (50 cm3). To this solution under reflux, the appropriate 
metal salt (0.005 mol) was added. A colour change occured and the products 
precipitated within half an hour. Refluxing was continued for another 10 
min. with occasional stirring. The product was filtered off, washed with 
MeOH, Et20 and recrystallised from DMSO and dried in vacuo at room 
temperature. 
Synthesis of Dichloro/nitrato (6,9,16,19-tetraone-2,3,12,13-tetra-
phenyl-1, 4, 5,10,11,14,15, 20-octaazacycloeicosane-l,3,ll,13-tetraene) 
metal(II), [ML7X2] complexes [M = Mn", Co", Ni", Cu" or Zn"; X=C1 or 
NOJ. 
Chapter 3 Synthesis of Polyazamacrocyclic Complexes 100 
A sample (0.005 mol) of [M(DPEDDH)2X2] (DPEDDH = 1,2-
diphenylethane-l,2-dione dihydrazone), suspended in CH2C12 (150 cm3) at 
room temperature, was treated with a MeOH solution of succinic acid (0.01 
mol, 1.18 g) which was added dropwise with continuous and vigorous 
stirring. A gradual colour change was noticed, and the reaction mixture 
was boiled under reflux for ea.. 10 h. The title compound, which 
precipitated was filtered off, washed with CH2C12 and recrystallised 
from DSMO and dried in vacuo. 
Synthesis of Dichloro/nitrato (7,8:17,18-dibenzo-2,3,12,13-tetra-
phenyl-6,9,16,19-tetraone-l,4,5,10,ll,14,15,20-octaazacycloeicosane-l,3, 
11,13-tetraene) metal(II), [ML8X2] complexes [M = Mn", Co", Ni", Cu" 
or Zn"; X=CI or N0 3 ] . 
A sample (0.005 mol) of [M(DPEDDH)2X2] (DPEDDH = 1,2-
diphenylethane-l,2-dione dihydrazone), suspended in CH2C12 (150 cm3) at 
room temperature, was treated with a MeOH solution of phthalic acid 
(1.66 g, 0.01 mol) which was added dropwise with continuous and vigorous 
stirring. A gradual colour change was noticed, and the reaction mixture 
was boiled under reflux for £2. 10 h. The title compound, which precipitated 
was filtered off, washed with CH2C12 and recrystallised from DSMO and 
dried in vacuo. 
Chapter 3 Synthesis of Polyazamacrocyclic Complexes 101 
3.5.3 Results and Discussion 
The reaction of [M(DPEDDH)2x2] [M = Mn11, Co11, Ni11, Cu11 or Zn"; 
X=C1 or No3] with succinic acid or phthalic acid resulted in the formation of 
a new series of tetraoxotetraimine macrocyclic complexes. The elemental 
analysis (Table 16) suggest that the complexes possess 1:1 stoichiometry 
with composition [ML7X2] and [ML8X2] as shown in Scheme 10. The copper 
complexes are air sensitive and yields are low. All complexes are 
insoluble in most solvents except in DMSO. The molar conductances for all 
the complexes are low which suggest that they are non electrolytes in 
nature187. 
IR Spectra 
The IR spectra (Table 17) of DPEDDH and its complexes 
[M(DPEDDH)2x2] are somewhat complex. However, the behaviour of 
identifiable NH2 and C-N stretching vibrations in the free ligand and in the 
metal complexes can be explained on the basis of a possible trans structure 
for DPEDDH which transforms into a cis configuration, on cheletion 
(Scheme 10). The IR spectra of all the [M(DPEDDH)2x2] complexes are 
similar but are strikingly different from the spectra of the free ligand. The 
spectra of these complexes show two strong and medium intensity sharp 
bands at c_a.. 3300 and 3130 cm"1 which are assigned to the asymmetric and 
symmetric stretching vibrations of the NH2 groups, and occur at slightly 
lower frequencies than are usually associated with v(N-H) vibrations of 
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primary amino groups and even lower than the corresponding vibrations in 
biacetyl dihydrazone, which are located at 3367 and 3215 cm"1, 
respectively236. This result is expected because of the high degree of 
conjugation in the ligand. The interaction of the primary amino group lone 
pair with the conjugated TC system involving -N=C.-C=N- and phenyl groups 
weakens the N-H bond. The appearance of (C=N) of the ligand, DPEDDH, 
in a wave number (ca. 1565 cm"1) lower than that usually found for the 
azomethine linkage, further confirms the involvement of the n electrons 
throughout the ligand framework. In the finger-print region of IR spectra, a 
band at ea. 1620 cm"1 is assigned to the NH2 deformation mode of 
[M(DPEDDH)2X2] and shows appreciable change compared to DPEDDH. 
The [M(DPEDDH)2X2] spetra exhibit a strong intensity band at ea. 1600 
cm"1, assigned to the v(C=N) vibration. The increase in intensity and the 
magnitude of frequency shift are of considerable significance, and 
unambiguously indicate a trans structure for the free ligand. In 
[M(DPEDDH)2X2] the ligand transforms to a cis structure and is 
stabilized by formation of a chelate ring. In the complexes the symmetry 
is lowered, which consequently enhances the v(C=N) band intensity. 
The major change in IR spectra of the macrocyclic complexes 
[ML7X2] and [ML8X2] with reference to [M(DPEDDH)2X2] is the 
appearance of a sharp band at £&. 3280 cm"1, assignable to X)( N-H) of 
amide, groups. Its position is consistent43 with that of the analogous 
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metal-free tetraamide macrocyclic compounds. Another significant feature 
of the spectra of the macrocyclic complexes is the existance of four 
new bands at c_a. 1690, 1540, 1250 and 650 cm"1 which are attributable43 
to the non-coordinated amide I, II, III and IV bands,respectively. These 
results, along with the absence of uncondensed functional groups 
(-OH, -NH2), strongly support the formation of the proposed macrocyclic 
skeleton as shown in Scheme 10. Phenyl ring vibrations have also been 
observed at their expected positions which are not discussed further here. 
In addition, more bands have been observed in the complexes with 
nitrate salts. Bands appearing at ca. 1300, 1050 and 850 are assignable to 
the monodentate nature237 of the nitrate 0-N0 2 group. The appearance 
of new medium intensity bands in the 430-470 cm"1 region is attributed to 
the v(M-N) vibration. 
EPR Spectra 
The EPR spectra of crystalline copper complexes at room 
temperature, gave similar types of signals. No complex shows hyperfine 
splitting. The g,, and g± values have been calculated and appear in the 
2.178- 2.191 and 2.041 - 2.046 regions, respectively, supporting217 d 2 2 
x - y 
as the ground state with the d9 configuration. The g values are related by 
the expression G=(g,,-2)/(g1-2), which measures the exchange interaction 
between copper centres in the crystalline solid. The tetraiminetetraamide 
macrocyclic copper (II) complexes under discussion gave the axial 
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symmetry parameter, G in the 4.1 - 4.6, range which indicates that 
the exchange interaction is very small. Furthermore, all the compounds 
studied show g.. < 2.3, which suggests that the complexes exhibit 
considerable covalent character. 
*H NMR Spectra 
The 'H NMR spectra (Table 18) of [Zn(DPEDDH)2X2] and the 
corresponding macrocyclic complexes, [ZnL7X2] and [ZnL8X2] have been 
recorded and compared. [Zn(DPEDDH)2X2] shows a multiplet at ca. 6.92 
ppm and a slightly broad signal at c.a. 4.10 ppm assignable238 to the 
phenyl ring protons and the Nf-j? protons of the hydrazone 
moiety. The appearance of a band at ca.. 8.43 ppm for the [ZnL7X2] and 
[ZnL8X2] complexes is characteristic230 of amide protons. The disappearance 
of bands corresponding to either the Nj-|p protons of 
[Zn(DPEDDH)2X2] or the carboxylic acid protons, further confirms that 
cyclization has indeed taken place with the formation of amide bonds. 
However, a singlet at £3. 2.53 ppm may be assigned to the methylene 
protons of the succinic acid moiety. 
Electronic Spectra 
The appearance of two bands in the electronic spectra (Table 19) of 
manganese complexes at c j . 22500 and 19000 cm*1 may be assigned to 
6A, -> 4T2 and 6A, -> 4T. transitions, respectively corresponding210 
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to an octahedral environment around the Mn" ion. However, the cobalt 
complexes exhibit two ligand field bands at 14000 and 22000 cm"1 which 
are assigned210 to 4T]g(F) -> 4A2g(F) and 4T lg(F) -> 4T]g(P) transitions, 
respectively, arising from an octahedral geometry for the Co11 ion. 
All the nickel complexes exhibit two electronic spectral bands in 
the 11400 - 11600 and 17500 - 17700 cm'1 region which may be assinged 
to 3A2 -> 3T, (F) and 3A2 -> 3 T, (P), transitions, respectively 
suggesting211 an octahedral geometry around the Ni11 ion. The copper 
complexes show a broad band maximum at ca. 19000 cm"1 with a shoulder 
on the low energy side at ea. 16000 cm'1 which may unambigously be 
ascribed to 2B. -> 2E and 2 B. ->• 2B 2 transitions, respectively, 
attributed211 to a distorted octahedral geometry around the metal ion. All 
the spectra show a sharp and very strong band in the u.v. region at ca. 
31500 cm"1 which are assigned to a ligand ->• metal charge transfer 
excitation and a broad absorption maximum at ca. 29000 cm"1 may be due 
to the n -> 7i* ligand transition. 
The magnetic susceptibility measurements (Table 19) for all 
complexes are consistant with their respective electronic spectra. 
a r / < aioiev 4 
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CONCLUSION 
The continued interest and quest in designing new macrocyclic 
ligands and complexes in view of their variety of applications was the 
main goal behind the compilation of this thesis. The synthesis of all 
the macrocyclic complexes was carried out by the metal template 
method. Synthesis of metal free macrocyclic ligands were unsuccessfull 
in some reactions giving rise to unstable" oily products. It is an 
established fact that metal template is an efficient approach to 
synthesize macrocyclic complexes with considerable yields, without 
any side reactions as compared to high dilution technique uesd to 
synthesize macrocyclic complexes from pre-formed ligands. 
The first chapter of the thesis gives a brief description on the 
chemistry of macrocyclic complexes and the pioneering work done by 
eminent scientists. The different pathways for the synthesis of 
macrocyclic complexes are also discussed along with the various 
applications. The second chapter deals with the various instruments 
used and the basic theory in all the instrumental methods. 
Third chapter elaborates the experimental work done for the 
synthesis of various polyazamacrocycles and their characterization. 
Novel polyazamacrocyclic complexes were prepared by template 
condensation reaction and were characterized by different physico-
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chemical methods like IR, 'H NMR, UV-vis and EPR spectral data and 
also magnetic susceptibility and conductometric studies. 
The first part of this chapter deals with the preparat ion of 
13-membered oxo te t r aazamacrocyc l i c c o m p l e x e s by reac t ing 
triethylene tetraamine with ethylacetoacetate or methyl acetoacetate 
with metal in 1:1:1 molar ratio. The complexes are in general insoluble 
in water and other common solvents except dimethylsulfoxide (DMSO) and 
dimethylformamide (DMF). The main features in the IR spectra were 
the appearance of four characteristic amide bands in the region 
1680 - 1710, 1530 - 1570, 1250 - 1270 and 650 - 680 cm'1 and the 
disappearance of N-H stretching frequency of primary amino groups. 
The *H NMR spectrum of Zn11 complexes, in DMSO-d 6 exhibit 
resonance peaks at around 8.56, 6.30,3.50,and 2.52 ppm which may be 
assigned to ( N H - O 0 ) , (C-NH-C), (CH2-N=C) and (CH3-C=N) protons, 
respectively. The EPR spectra of Cu11 complexes with g„ and g± 
values at 2.23 and 2.09 confirms the square planar geometry. However, 
the magnetic susceptibil i ty data and the band posi t ions in the 
electronic spectra confirm the octahedral geometry for the rest of the 
complexes except the Ni11 complexes which have square planar geometry. 
The second part of this chapter consists of the synthesis of 
dioxotetraazamacrocyclic complexes by incorporating peptide bonds 
which resul ted from the template c o n d e n s a t i o n r eac t i on of 
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o-aminobenzoic acid, diaminoethane and 2, 4-pentanedione with metal 
ion in 2:1:1:1 molar ratio. The elemental analysis suggests 1:1 metal 
to ligand stoichiometry and the molar conductance values indicate 
that the compounds are non-electrolytic in nature. The IR spectra of 
all the macrocyclic complexes show bands in the region expected for 
the amide group vibrations. The involvement of nitrogen-metal 
bonding can be indicated by the appearance of sharp band at c_a. 
3240 cm*1 expected for a co-ordinated amino group as well as the 
M-N stretching vibration appearing at around 400 cm"1. The spectra 
of nitrato complexes gave bands at ca. 1230, 1020 and 890 cm"1 
indicating the nitrate group vibrations. The !H NMR and EPR spectra 
results further supports the formation of the said macrocyclic 
framework. 
The third part of this chapter describes the synthesis and 
characterization of octaaza tetraone macrocyclic complexes [MLC12] 
(M=Mnn, Fe", Co", Nin , Cun or Zn") derived from the reaction of 
hydrazine hydrate, methyl acetoacetate or ethyl acetoacetate with 
metal ion in a 4:4:1 molar ratio. All the complexes are crystalline in 
nature and stable at room temperature. The low molar conductance 
values in DMSO suggest a non-ionic nature for all the complexes. 
The charcteristic features of the IR spectra is the appearance 
of imine nitrogen band around 1610 cm"1 region. The absence of NH, 
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and alkoxy group bands confirms the proposed macrocyclic structure. 
'H NMR shows absence of peaks corresponding to NH2 protons of 
hydrazine as well as the absence of alkoxy protons of the acetato 
groups of methyl acetoacetate and ethyl acetoacetate which further 
confirms the said macrocyclic framework. 
The EPR spectra of polycrystall ine copper(II) macrocyclic 
complexes show a single signal for g., and g± in the 2.25 and 2.09 
regions in which g„ > g± suggesting that dx2_Y2 is the ground state and 
the G values which appeard in the range of 2.77 suggest that exchange 
interaction is present in these complexes. The magnetic susceptibility 
measurements and the electronic spectral results are consistent with 
the proposed octahedral geometry around all the macrocycl ic 
complexes. 
The fourth and fifth part of this chapter describes the synthesis 
and characterization of tetraimine tetraamide and tetraoxotetraamine 
macrocyclic complexes. The formation of the proposed macrocyclic 
framework was confirmed out by different physico-chemical methods 
and accordingly different geometries were suggested. 
ied eferenceA 
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